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OVERVIEW 


The  Sixteenth  Advanced  Research  Projects  Agency  (ARPA)  Systems  and  Technology 
Symposium  was  held  June  22-24, 1993  at  the  Naval  War  College  in  Newport, 

Rhode  Island. 

These  proceedings  include  briefing  materials  and  corresponding  text  presented  by  Key  Speakers, 
ARPA  Technical  Office  Directors,  and  ARPA  Program  Managers.  The  presentations  are 
organized  according  to  the  final  symposium  agenda.  Award  citations  and  a  list  of  participating 
organizations  are  also  included. 

Proceedings  are  available  fix)m  two  sources: 

Defense  Technical  Information  Center  (DTIC)  at  (703)  274-7633 
>  (For  registered  users) 

National  Technical  Information  Service  (NTIS)  at  (703)  487-4780 
(For  industry  requests) 


PRESS  ADVISORY 


PRESS  ADVISORY  June  21,  1993 

Congressman  Ron  Machtley  will  speak  to  the  Department  of  Defense  Advanced  Research 
Projccc  Agency  16th  Systems  and  Technology  Symposium  at  9:20  a.m.  on  Tuesday,  June  22, 
1993,  in  the  Spruance  Auditorium  of  the  Naval  War  College,  Newport,  Rhode  Island. 

Deputy  Secretary  of  Defense  William  J.  Ptiry  will  give  the  Symposium’s  first  keynote 
speech  at  2  p.m.  on  Wednesday,  June  23,  in  the  Spruance  Auditorium.  second  keynote — 

— speeefHwfll-be-ffivearhy-Dcpug^ssiatant  to  the  Presideat  for  Soonomie-PolieyWr-Bo’.vmaa — 
Cutter- at  2:30  p.nr:- 

Thc  Symposium  is  designed  to  acquaint  Defense  officials  and  contractors  with  demils  of 
ARPA  progrmns  and  technologies,  such  as  dual-use  technologies,  advanced  computing  and 
software,  advanced  materials  and  microelectronics,  and  more. 

The  Symposium  also  includes  presentations  by  the  ARPA  director  and  managers 
discussing  ARPA  Vision  (afttmooa  of  June  22),  Information  Technology  (morning  of  June 
23)  and  Affordable  Acquisition  (afternoon  of  June  23).  Media  are  invii^  to  attend  any  of 
these  unclassified  sessions  scheduled  for  June  22  and  23.  (Sessions  on  June  24  discussing 
future  military  tedmologies  will  be  ciassided  and  closed  as  the  media.) 

At  7:30  pjn  June  22,  ARPA  Diiecto:  Gary  Denman  will  present  ARPA  Awards  for 

Outstanding  P^ormanct.  Media  are  also  invited  to  anend  the  awards  ceremony,  which  will  be 
held  on.tbe  Naval  War  College  grounds. 

The  Advanced  Research  Projects  Agency  (ARPA)  is  the  central  research  organization  for 
the  Department  of  Defense,  with  pnmariy  lespoinsibility  to  maintain  U.S.  technological 
superiority  over  potential  adversaries.  It  pursues  imaginative  and  innovative  research  and 
development  projects  having  significant  potential  for  both  military  and  commercial  applica¬ 
tions,  and  supports  a  national  technology  base  that  serves  both  civilian  and  military  purposes. 

A  detailed  agenda  is  available. 
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FUTURE  MILITARY  TECHNOLOGY  SESSION 
JUNE  24, 1993 

SESSION  CHAIR:  MR.  RONALD  D.  MURPHY 


0830  Mr.  Ronald  D.  Murphy,  Director,  Advanced  Systems  Technology  Office,  ARPA 
Introduction 

0840  Li  Col  Miudael  S.  Francis,  USAF,  Advanced  Systems  Technology  Office,  ARPA 
Aeronautical  Systems 

0910  Mr.  Thomas  Hafer,  Advanced  Systems  Technology  Office,  ARPA 
Land  Combat  Systems 

0940  Mr.  Charies  E.  Stuart,  Director,  Maritime  Systems  Technology  Office,  ARPA 
Maritime  Systems 

1010  Break 

1030  Lt  Col  Lee  F.  Demitry,  USAF,  Advanced  Systems  Technology  Office,  ARPA 
Space  Systems 

1 100  COL  Robert  P.  Reddy,  USA,  Advanced  Systems  Technology  Office,  ARPA 

Readiness  and  Training 

1 130  Dr.  Judith  A.  Daly,  Advanced  Systems  Technology  Office,  ARPA 
War  Breaker  and  Evolving  Military  Technology 

1230  Mr.  Ronald  D.  Murphy,  Director,  Advanced  Systems  Technology  Office,  ARPA 
Session  Summary 

1245  Adjourn  Synqiosium 
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FINAL  SYMPOSIUM  AGENDA 


PLENARY  SESSION 
JUNE  22, 1993 

0845  Rear  Admiral  Joseph  C.  Strasser,  President,  Naval  War  College,  Newport,  RI 
NWC  Welcome 

0900  Dr.  Duane  A.  Adams,  Deputy  Director,  Advanced  Research  Projects  Agency 
Introduction  to  the  16th  ARPA  Systems  &  Technology  Symposium 

0915  Dr.  Gary  L.  Denman,  Director,  Advanced  Research  Projects  Agency 
Introduction  of  Key  Plenary  Speaker 

0920  Congressman  Ron  Machdey  (R-Rhode  Island) 

0950  Dr.  Gary  L.  Denman,  Director,  Advanced  Research  Projects  Agency 
Overview  of  ARPA  Mission 

1020  Break  (Turn  In  Questions  At  The  Start  Of  The  Break) 

1050  Dr.  Gary  L.  Denman,  Director,  Advanced  Research  Projects  Agency 
Selected  Question  Card  Responses 

1130  Dr.  H.  Lee  Buchanan,  Director,  Defense  Sciences  Office,  ARPA 
Dual  Use  Technologies 

1200  Lunch 


ARPA  VISION  SESSION 
JUNE  22, 1993 

SESSION  CHAR:  DR.  H.  LEE  BUCHANAN 

1330  Dr.  Michael  F.  McGradi,  Software  &  Intelligence  Systems  Technology  Office,  ARPA 

Affordability 

1400  Dr.  Lance  A.  Glasser,  Director,  Electronic  Systems  Technology  Office,  ARPA 
Innovative  Technologies 

1430  Mr.  Ronald  D.  Murphy,  Director,  Advanced  Systems  Technology  Office,  ARPA 

Future  Military  Technologies 

1520  Break 

1550  Dr.  Duane  A.  Adams,  Dqwty  Director,  Advanced  Research  Projects  Agency 
Itrfomuttion  Techn^gies  and  the  National  Information  Infrastructure 

1620  Dr.  Gary  L.  Denman,  Director,  Advanced  Research  Projects  Agency 
Session  Summary 

1730  Awards  and  Outdoor  Qambake 

1730  Reception 
1830  aambake  Starts 
1930  Awards 


iv 


INFORMATION  TECHNOLOGY  SESSION 
JUNE  23, 1993 

SESSION  CHAIR:  DR.  DUANE  A.  ADAMS 

0830  Mr.  Stephen  L.  Squires,  Director,  Computing  Systems  Technology  Office,  ARPA 
HPC  and  Computing  Systems 

0900  Dr.  Paul  V.  Mockapetris,  Computing  Systems  Technology  Office,  ARPA 
High  Performance  Networks 

0930  Lt  Col  Brian  Boesch,  USAF,  Computing  Systems  Technology  Office,  ARPA 
Embedded  Systems 

1000  Break 

1020  Mr.  John  T.  Foreman,  Software  &  Intelligence  Systems  Technology  Office,  ARPA 
Software  Engineering 

1050  Dr.  Edward  W.  Thonqjson,  Director,  Software  &  Intelligence  Systems  Technology  Office,  ARPA 
Intelligent  Systems 

1110  Lt  Col  Stephen  E.  Cross,  USAF,  Software  &  Intelligence  Systems  Technology  Office,  ARPA 
Portable  Joint  Task  Force  and  Command  &  Control 

1130  Dr.  Kaigham  J.  Gatviel,  Electronic  Systems  Technology  Office,  ARPA 
Enabling  Technology 

1200  Dr.  Jane  Alexander,  Microelectronics  Technology  Office,  ARPA 
Ultra  Dense,  Ultra  Fad  Confuting  Components 

1230  Lunch 

KEYNOTE  ADDRESS 
JUNE  23, 1993 

1400  Honorable  William  J.  Poiy,  Deputy  Secretary  of  Defense 


MANUFACTURING  TECHNOLOGIES  SESSION 
JUNE  23, 1993 

SESSION  CHAIR:  DR.  MICHAEL  F.  McGRATH 

1430  Dr.  Bat  Hui  and  Dr.  Benjamin  Wilcox,  Defense  Sciences  Office,  ARPA 

Materials  and  Applied  Science 

1500  Mr.  Sven  A.  Roosild,  Dqtuty  Director,  Microelectronics  Technology  Office,  ARPA 
Microelectronics 

Mr.  Raymond  S.  Balcerak,  Microelectronics  Technology  Office,  ARPA 
Flexible  Manirfacturing  aflr^ared  Focal  Plane  Arrays 

1545  Break 

1605  Dr.  Lance  A.  Glasser,  Director,  Electronic  Systems  Technology  Office,  ARPA 

Electronic  Systems 

1705  Dr.  Michael  F.  McGrath,  Softwne  A  Intelligrace  Systems  Technology  Office,  ARPA 
Session  Summary 

1715  No  Host  Reception  on  Colbert  Plaza 
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ARPA  AWARD  FOR  OUTSTANDING  PERFORMANCE  BY  AliAGENT 

PRESENTED  TO  THE  X-Sl  INTERNATIONAL  TEST  ORGANIZATION  (ITO) 

•  Acx;epting  this  Award:  NAVY  Mr.  Charles  Johnson 

AIRFORCE  Mr.  Floyd  Johnson 

NASA  Although  they  couldn't  be  with  us  tonight.  I'd  like  to 
recognize  Mr.  Gary  Trippensec  and  Mr.  Bob  Meyer  fixmi  the  NAS A- 
Ames-Dryden  Team. 

•  On  February  10,  1992,  ARPA  activated  the  I.T.O.  at  the  Ames-Dryden  Flight  Research  Facility  to 
execute  the  X-31  flight  test  program.  The  ITO  is  comprised  of  representatives  from  ARPA,  the  Navy,  the 
Air  Force,  NASA,  the  Federal  Republic  of  Germany,  Rockwell  International  and  Deutsche  Aerospace. 

•  This  organization  is  unique  in  the  history  of  experimental  aircraft  development  and  test  efforts  as  the 
first  X-Plane  program  to  be  co-managed  in  cooperation  with  a  foreign  government.  Furthermore,  it 
involves  multiple  agencies  fiom  both  countries. 

•  Mr.  Charles  Johnson,  the  ARPA  Agent  and  Navy  X-31  Program  Manager;  Mr.  Gary  Trippensec,  the 
current  ITO  Director  and  NASA  X-31  Project  Manager,  and  Mr.  Joe  Cosenza,  the  former  Chief  of  the 
Wright  Laboratories  Investment  Strategy  Division,  all  deserve  credit  for  their  management  skills, 
teamwork,  and  leadership  in  activating,  integrating,  and  leading  the  I.T.O. 

•  Individually  and  in  cooperation,  these  three  individuals  have  successfully  managed  day-to-day  technical 
issues,  resource  allocations,  and  program  impediments. 

•  •  Most  significantly,  they  have  overcome  institutional  Inases  to  lead  and  foster  a  siq)erior  level  of 
teamwork  in  a  complex  and  techrucally  demanding  experimental  program. 

•  •  Collectively,  they  have  earned  the  ARPA  Award  for  Outstanding  Perfoimance  by  an  Agent 
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ARPA  AWARD  FOR  OUTSTANDING  PERFORMANCE  BY  AN  AGENT 

THE  COMMAND  AND  CONTROL  DIRECTORATE,  ROME  LABORATORY 

•  Accepting  this  Award:  ROME  LABORATORY  Mr.  John  Graniero,  (RIVC3). 

•  In  1989,  the  Conunand  and  Control  Directorate  of  the  Rome  Laboratory  approached  ARPA  with  a 
suggestion  for  co-funding  a  new  kind  of  program  in  knowledge-based  planning  and  scheduling,  the 
DARPA-Rome  Laboratory  Planning  Initiative  ;  now  renamed  the  Rome  Laboratory  ARPA  Planning 
Initiative . 


•  •  Key  elements  of  the  program  are  tightly  integrated  research,  demonstration,  and  user 
communities;  metrics-based  evaluation  at  all  science  and  technology  levels;  and  innovative 
technology  transition  mechanisms  including  co-funding  partnerships  between  ARPA,  Rome 
Laborauxy,  and  recipient  operational  organizations. 

•  Rome  Laboratory’s  outstanding  technical  leadership,  management,  iimovativeness  and  creativity  were 
all  critically  irxqxntant  to  making  the  DRPI  program  a  nationally  recognized  success. 

•  •  Rome  Laboratory  jumpstarted  the  ARPA  program  in  1989  and  1990  and  worked  with  the 
ARPA  PM’s  to  build  a  critical  mass  of  support  in  the  technical  community  prior  to  ARPA’s 
program  approval. 

•  Rome  Laboratory’s  timely  support  and  teamwork  directly  shaped  a  new  paradigm  for  software 
developmoit  -  one  that  was  battle  tested  in  war. 

•  •  Critical  support  was  provided  to  the  10  week  Dynamic  Analysis  and  Replanning  Tool  project 
at  Scott  AFB  during  the  Gulf  War. 

•  •  The  result  was  credited  by  the  Deputy  SecDef,  the  Director  of  DDR&E,  and  the  Commanders- 
in-Chief  of  the  US  European  Command  and  the  US  Transportation  Command  with  enabling  the 
rapid  construction  of  a  new  operational  plan  for  deploying  the  7th  Corps  from  USEUCOM  to 
Saudi  Arabia. 

•  An  April  1993  review  of  the  Rome  Laboratory  ARPA  Planning  Initiative  technology  program  and 
**CQncurrent  engineering”  planning  model  at  the  CINC’s  Conference  were  prioritized  as  the  number  one 
“must  have”  R&D  program. 

•  Specific  individuals  who  have  provided  KEY  leadership  are:  Mr.  Ray  Urtz,  Dr.  Nort  Fowler  and  Mr. 
Don  Robots. 
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ARPA  AWARD  FOR  OUTSTANDING  PERFORMANCE 
BBN  SYSTEMS  AND  TECHNOLOGIES  CORPORATION  &THE  ISX  CORPORATION 

•  Accepting  this  Award:  BBN  Dr.  Ed  Walker  and  Mr.  Ted  Krai 

ISX  Although  no  representative  from  ISX  could  be  with  use 
tonight.  I'd  like  to  recognize  them  also. 

•  BBN  and  ISX  submitted  an  original  idea  to  be  a  part  of  the  DARPA-Rome  Laboratory  ARPA  Planning 
initiative  Team  to  serve  as  an  advanced  technology  broker  between  the  research  community  and  the 
operational  conamunity. 

•  •  BBN/ISX  has  focused  a  large  diverse  research  community  on  operationally  challenging 
problems,  and  expedited  the  transition  of  research  results  into  operational  use. 

•  •  It  is  significant  that  the  BBN/ISX  team  has  been  faithful  to  the  original  goal  -  brokering  as 
opposed  to  internal  technology  development  and  transition. 

•  In  additicxi,  BBN/ISX  has  directly  supported  three  operational  demonstrations: 

•  •  the  Dynamic  Analysis  and  Replaiming  Tool  (DART)  >  a  crisis  action  planning  tool  that  had  a 
major  inq)act  in  the  Gulf  War, 

•  •  the  SRI  Operations  Crisis  Action  Plaiuting  prototype  (SCXHAP)  -  an  employment  planning  tool 
prototyped  at  the  US  Central  Command; 

•  •  the  Theater  Graphical  Execution  Toolkit  (TARGET)  -  an  integrated  employment  and 
deployment  crisis  response  planiung  aid  for  the  US  Pacific  Ck>mmand. 

•  BBN/ISX  improved  and  documented  the  original  DART  system  and  delivered  the  system  to  every  joint 
planning  staff  during  1992.  Eight  CINCs  sent  unsolicited  messages  to  the  Chairman  of  the  Joint  Staff  in 
August  1992  testifying  that  DART  was  one  of  their  most  important  tools. 

•  This  award  is  warranted  because  of  the  outstanding  technical  leadership  and  management  by  the 
BBN/ISX  team  and  for  the  spirit  of  teamwork  created  in  the  larger  Rome  Laboratory  ARPA  community  • 
and  the  evidence  that  their  “brokering  technology  transition”  model  is  highly  effective  -  spaniting  the  gap 
from  laboratory  to  foxhole. 
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EMS  TECHNOLOGIES,  INC. 

•  Accepting  this  Award:  EMS  Mr.  Don  Runyan,  Program  Manager. 

•  EMS  has  been  a  member  of  the  Advanced  Space  Technology  Program  contractor  team  since  1990. 
During  that  time,  they  have  established  themselves  as  a  top  contractor  for  the  provision  of  engineering 
design  and  analysis  and  product  development. 

•  •  In  just  three  years,  EMS  has  developed  and  tested  two  multiple  beam  antenna  breadboards, 
each  of  which  advanced  the  multiple  beam  antenna  state-of-the-art  at  an  amazingly  low  cost  to  the 
Government  of  only  $750,000. 

•  •  Their  development  of  lightweight  beamforming  networks  achieve  a  10: 1  weight  reduction  over 
existing  MILSTAR  feed  networks. 

•  •  In  addition,  EMS  has  demonstrated  their  dedication  to  ARPA  and  this  technology  bY  cost- 
sharing  the  development  of  the  Phase  n  antenna. 

•  The  high-density  multiple  beam  antenna  technology  that  EMS  has  developed  could  be  adapted  to 
provide  simultaneous  multibeam  operation  with  the  potential  to  significantly  impact  future  military  satellite 
commurucations  systems  by  enabling  a  single  anterma  to  provide  simultaneous  low  data  rate  and  medium 
data  rate  beams  to  geographically  dispersed  areas. 

•  •  The  potential  savings  to  the  MILSATCOM  architecture  may  approach  one  billion  dollars  while 
still  satisfying  user  requirements. 
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Plenary  Speaker 
Congressman  Ronald  Machdey 

Tuesday,  June  22, 1993 

ARPA  16th  Systems  and  Technology  Syn^)osium 


Dr.  Gary  Denman,  Director  ARPA: 

“The  Congressman  is  in  his  third  term  serving  the  first  congressional  district  of  Rhode 
Island  in  the  U.S.  House.  Tlie  Congressman  was  bom  and  raised  in  Johnstown,  Pennsylvania, 
the  heart  of  bread  and  potatoes  in  Pennsylvania.  He  was  an  outstanding  scholar  and  athlete  in  high 
school,  which  I  think  served  him  well  in  obtaining  an  appointment  to  the  U.S.  Naval  Academy. 
So  he’s  sort  of  in  “home  country”  here  at  the  Naval  War  ^Uege.  He  obtained  a  law  degree  from 
Suffolk  College  in  1978.  The  Congressman  is  a  key  member  in  the  Arms  Services  Committee, 
and  has  bmn  a  good  friend  to  the  Department  of  Defense,  in  particular,  s^porting  the  programs  at 
ARPA  and  other  parts  of  the  Department  I  think  he  is  also  an  especi^y  go^  friend  of  U.S. 
industry  and  I  believe  he  will  talk  to  you  in  those  terms  today.  He  has  done  a  great  deal  for  the 
Newport  area  and  Rhode  Island,  in  particular,  bringing  defense  business  to  this  area  and 
supporting  quality  programs  here  in  Rhode  Island.  He  has  taken  a  leadership  position  on  energy 
issues  serving  as  co-chairman  of  New  England  Ener^  Congressional  Caucus  and  he  has  pushed 
very  hard  for  the  conservation  energy  plan.  Another  important  aspect  of  Congressman  Machtley’s 
background,  he  is  a  Captain  in  the  Naval  Reserve,  which  I  think  again  holds  him  in  good  stead  for 
being  here  with  us  this  morning.  So  without  fu^er  ado,  I  guess  it’s  not  Captain  Machtley  but 
rather  it’s  the  Honorable  Rcmald  Machdey.  Thank  you  for  coming.  “ 

Oxigressman  Ronald  Machdey: 

“Thank  you  very  much.  Dr.  Denman.  I  want  to  welcome  all  of  you  to  Newport  This  is 
my  home,  my  adopted  home.  I  hope  you  spend  all  of  your  money  here.  I  hope  you  get  down  and 
eat  some  of  our  wonderful  lobsters.  If  you  are  coming  from  warm  climates,  I  hope  you  appreciate 
the  coolness  of  our  climate  here  and  bring  your  families  bade  many,  many  times.  As  was  indicated 
in  my  bio,  I  am  not  a  native  of  Rhode  Island.  I  came  here  and  fell  in  love  with  it  and  I  have  stayed 
here  and  now  represent  it  in  Congress. 

Congress  is  an  interesting  place  to  be  these  days.  As  all  of  you  know  reading  in  the 
newspapers,  we  are  dealing  with  budget  issues  and  we  are  dealing  with  a  number  of  issues  that 
affect  you  and  your  wallet  In  fact  a  lot  of  people  out  there  are  saying  that  no  one  is  Congress  is 
listening  to  what’s  going  on  out  there.  There  may  be  some  truth  to  that  And  I  was  thinking  of  an 
idea  that  we  should  be  Usteiung  to  what’s  going  on  out  there  and  several  weeks  ago  I  was  talking 
to  Jim  Bunning.  Some  of  you  may  know  Jim  Bunning  from  Connecticut  He  was  a  great  pitcher; 
some  of  you  look  old  enough  to  remember  when  be  was  pitching.  He  was  telling  me  that  he  was 
pitching  against  the  Yankees  one  time  and  Bobby  Richardson,  the  second  baseman  was  up.  When 
he  threw  Ae  first  fast  ball,  he  heard  a  whistle  from  the  first  base  coach,  who  was  picking  off  the 
signals.  He  thought  maybe  it  was  coincidental,  so  he  told  the  catcher  he  wanted  a  second  fast  ball. 
>^en  he  threw  the  second  fast  ball,  the  whistle  again  occurred  and  Richardson  hit  the  ball  into  the 
outfreld;  it  was  caught  and  was  an  out.  So  Jim  Buniung  went  off  die  mound,  went  over  to  the  first 
base  coach,  and  said,  “]tf  you  are  picking  off  my  signals,  if  you  whistle  again  on  my  fast  ball.  I’m 
going  to  hit  the  next  batter  and  irs  Mantle.”  Walked  down  to  the  plate  and  said,  “Mantle,  if  the 
nrst  base  coach  whistles.  I’m  going  to  hit  you  with  the  ball.”  Went  back  to  the  mound  and  the 
catcher  called  a  fast  baU.  In  lus  wind  up,  the  first  base  coach  whistled.  Bunning  said  he  just 
slipped  his  hands  a  little  off  the  strings  to  an  inside  curve  slider,  hit  Mantle  right  in  the  side. 
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Mantle  later  wrote  in  Sports  Illustrated  that  was  the  closest  he  ever  came  to  charging  the  pitcher  on 
the  mound.  But  he  thought  wisely  and  went  to  first  base.  Yogi  Berra  was  die  next  batter  up. 
Yogi  got  up  to  the  plate  and  called  out,  “Hey  Bunning,  if  there  is  a  whisde.  I’m  not  listening.” 

I  like  to  talk  about  what  you  are  doing  and,  hopefully,  some  of  you  may  be  listening. 
While  I  was  in  the  Naval  Academy,  at  chapel,  we  used  to  have  these  curved  areas  in  the  sanctuary 
and  we  called  it  Sleepy  Hollow.  It  must  be  like  those  areas  in  the  back  of  this  room  where 
everyone  can  just  pass  out  and  no  one  can  see  them,  but  I’ll  hopefully  keep  you  alert  enough 
throughout  the  next  several  minutes. 

I  like  to  think  of  ARPA,  formerly  DARPA,  as  sort  of  the  Thomas  Edison  agency.  Why  do 
I  say  that?  I  say  that  because  Thomas  ^son  had  the  uncanny  ability  to  not  only  develop  things, 
but  to  figure  out  how  to  use  existing  inventions  and  improve  them  and  make  them  profitable  in  Ae 
civilian  world.  Thomas  Edison  had  in  his  lifetime  1,093  patents.  He  was  a  brilliant  person.  Yet 
had  only  three  months  of  formal  education.  Several  years  ago,  I  was  at  Fort  Myer;  if  you  ever  get 
down  to  Fort  Myer,  if  you  are  a  scientist-engineer  or  just  a  person  interested  in  history,  go  see 
Thomas  Edison’s  laboratories  there  --they  are  fascinating.  He  walked  out,  his  family  just  walked 
out  and  turned  it  over  to  Fort  Myer.  While  I  was  there,  I  had  the  opportunity  to  pick  up  a  book 
called  ’TJncommon  Friends,”  by  James  Newton.  It  is  about  five  people  who  somehow  migrated 
down  there:  Firestone;  Lindbergh;  Henry  Ford;  Alexis  Carroll,  who  was  a  Nobel  Prize-winning 
surgeon;  and  Thomas  ^son.  l^ey  went  there  because  of  the  uncanny  ability  of  Thomas  Edison: 
to  ^w  out  of  them  ideas,  to  perfect  their  inventions  and  to  try  to  put  into  practical  terms  the  ideas 
they  had.  Last  year,  it  dawn^  on  me  as  I  was  rereading  this  book,  that  James  Newton  might  still 
be  alive  (the  copyright  is  1989).  I  tracked  him  down  and  talked  to  him  about  Thomas  Edison. 
Here  is  a  person  who  knew  Thomas  Edison  in  his  life.  He  reaffirmed  what  my  readings  have 
showed  me  that  this  was  an  individual  who  could  take  an  idea,  follow  it  through  arid  develop  it  and 
improve  upon  it.  He  took  telephones  and  put  the  carbon  transmitters  in  them.  He  took 
phonographs  and  improved  them.  He  took  motion  pictures  and  improved  them.  He  took  even 
simple  things  that  we  use,  like  wax  paper,  and  developed  and  improved  them.  And  that’s  really 
what  the  essence  of  where  we  are  going  in  today’s  world  relative  to  DARPA  and  scientific  and 
engineering  technology.  As  I  was  watching  my  son  play  baseball  last  night,  I  was  thinking  about 
the  field.  It’s  a  wonderful  field  and  it  wasn’t  always  that  way.  I  said  to  somebody,  “Who  really 
built  this  field?”  (My  son  is  in  Little  League.)  He  said  there  was  one  guy  who  was  the  hard- 
driving  force.  He  had  an  idea  and  he  followed  through  on  it.  That’s  really  what  I  hope 
DARPA/ARPA,  you  all,  are  doing:  Developing  these  ideas  and  following  through  with  enormous 
persistence. 

When  we  looked  at  the  Desert  Storm  war  and  I  went  over  there  on  the  first  fireedom  flight 
and  we  landed  just  idter  the  war  ended.  It  was  a  magnificent  victory.  AU  of  America  was  proud  of 
our  soldiers,  our  sailors  and  our  ability  to  win  this  war  after  the  experts  had  told  us  in  the  Arms 
Services  Committee  that  there  would  be,  in  minimum  terms,  5,000  to  7,000  casualties  and 
probably  10,000  to  15,000  casualties.  We  escaped  with  very  little  combat  casualties  in  a  war  that 
ended  in  hours.  People  have  asked  well,  “How  did  we  do  this?”  I  think  there  has  been  a  great 
assumption  that  just  occurred.  Part  of  it  was  through  the  technology  of  the  programs  that  then 
DARPA,  now  ARPA,  had  developed.  The  stealth  technology  that  went  in  those  F-1 17  fighter  jets 
in  the  early  parts  of  the  raids  -  that  was  part  of  the  DARPA  development  programs.  In  fact,  of  the 
seven  advanced  technology  ideas  that  were  successful  in  our  Desert  Storm,  six  of  them  were 
developed  at  DARPA.  But  there  were  many  others  —  the  GSP,  which  many  of  you  are  familiar 
with.  A  classmate  and  friend  of  mine  was  over  there  in  charge  of  a  battalion.  I  was  curious 
because  we  are  interested  in  using  GSPs  as  a  way  of  preventing  ships  from  running  aground  out 
here  in  the  harbor.  And  I  said  to  him,  “How  is  the  GSP  working?”  And  he  said,  “Oh  just  great 
I  can  tell  where  I  am  within  a  few  meters.  The  problem  is  telling  where  the  rest  of  tiie  world  is.” 
And  it’s  been  another  example  of  technology  has  been  developed  through  ARPA  and  through  the 
ideas  that  they  have. 
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We  can’t  lose  that  technological  edge.  Whatever  we  do  in  the  next  decade,  I  can  assure  you 
that  this  institution  is  a  memorial  to  the  idea  that  peace  is  not  eternal,  that  there  will  be  a  conflict  It 
was  only  because  in  this  institution  they  did  war  games  and  understood  the  concepts  of  a  Pacific 
theater  war  that  we  were  successful  in  the  Pacific  theater.  Just  two  years  ago,  we  hnished  Desert 
Storm.  Twenty-five  years  ago,  my  generation  was  either  fighting  in  Viemam  or  demonstrating 
against  it  Fifty  years  ago,  some  of  your  generation  was  in  the  Korea  conflict  One-third  of  the 
people  who  were  on  a  slup  transport  going  to  the  Inchon  amphibious  landing,  had  been  in  civilian 
clothes  three  weeks  before.  The  military  had  been  cut  way  back.  Seventy-five  years  ago,  we  had 
several  other  conflicts.  Almost  every  25  years  of  this  natio.i’s  history,  we  have  had  conflicts. 
Hiere  will  be  anotb.er  conflict  It  is  not  a  question  of  whether  or  not  there  will  be  conflict.  The 
question  is  who  will  be  the  adversaries  and  how  will  we  be  prepared.  The  next  conflict  for  the 
United  States  will  be  a  “come-as-you-are”  war.  There  will  be  no  chance  to  develop  high  computer 
technology.  There  will  be  no  chance  to  build  another  submarine  or  to  train  another  sergeant  We 
will  take  whatever  we  have  on  the  shelf  and  go  to  war  with  it  And  that  means  all  of  you  who  are 
developing  technology  must,  in  fact,  move  forward  with  the  most  important  aspects  of  keeping  up 
with  the  technology  that  is  around  the  world.  While  the  world  is  uncertain,  it  is  clearly  very 
dangerous.  And  much  of  the  technology  that  is  being  developed  in  other  parts  of  the  world  is,  in 
fact,  very  competitive  with  the  technology  we  have  for  military  purposes. 

What  I  hope  is  that  as  we  are  downsizing  this  budget,  which  is  a  great  concern  to  me 
frankly,  that  we  do  not  take  away  from  the  irutiative  as  we  are  talking  about  dual-use,  that  we  do 
not  take  away  fiom  the  irutiatives  to  do  what  the  military’s  principle  mission  is:  to  fight  wars  and 
win.  There  is  no  second  place  when  you  are  fighting  a  war.  The  only  way  we  will  be  able  to  do 
that  is  to  maintain  our  commuiucations  technology,  our  sonar  and  rad^  technologies,  and  our  fire 
power  technologies  with  people  like  yourselves,  with  DARPA  and  the  organizations  we  have  to 
maintain  the  tec&iological  edge  that  we  have  in  our  industry.  There  is  the  ability  to  take  those  ideas 
and  transfer  them  into  civilian  technologies  and  civilian  uses.  In  fact,  we  have  seen  much  of  that 
and  that’s  why  I  refer  to  this  as  a  “Thomas  Edison  agency.’’  A  program  is  being  developed,  with 
the  assistance  of  ARPA,  to  develop  micromachines  so  it  can  type  gears  and  help  improve  the 
technology  and  make  things  miiuaturized.  That  is  something  that,  without  ARPA,  would  not  be 
developed  and,  fixuikly,  without  ARPA,  would  not,  in  fact,  be  available  to  the  civilian  market 
Will  we  see  a  technology  defense  conversion  where  we  are  actually  going  to  make  swords  into 
plow  shares;  the  answer  is  probably  “no’’.  We  are  going  to  need  a  defense  of  this  nation.  Le*  me 
give  you  an  example  of  how  difficult  the  problem  is.  In  this  state,  we  build  Seawolf  submarines. 
One  Seawolf  submarine  to  an  electric  boat  represents  a  billion  dollar  industry.  $  One  billion.  It  is 
an  actual  $2  billion  item.  If  we  were  to  replace  one  Seawolf,  which  is  a  Fortune  500  company,  it 
would  take  about,  on  today’s  market  analysis,  two  hundred  existing  profitable  snudl  ventures.  If 
you  look  at  some  of  the  3  schools  and  ask  them,  as  I  have  done,  “how  many  start-ups  do  you  need 
to  have  one  successful  profitable  new  venture?’’  The  ratios  can  vary  from  6: 1  to  10:1.  That  means 
if  you  use  the  upper  limit,  you  are  using  2,000  new  start-up  companies  to  get  200  that  are 
successful  to  replace  one  submarine  manufacturer  for  one  submarine.  Very,  very  difficult 

This  year  we  are  going  to  reduce  our  defense  budget  This  week,  as  I  go  back  as  soon  as  1 
firush  speaking  here  to  Washington,  we  are  going  to  be  marking  up  at  the  House  Arms  Services 
Committee  and  we  are  going  to  reduce  the  defense  budget  probably  about  $11  to  $12  billion, 
which  is  what  the  current  Clinton  budget  is.  Well  probably  get  through  that  Last  year,  it  was 
about  $7  billion  that  we  reduce  the  defense  budget  But  that  is  the  seventh  consecutive  year  of 
reducing  the  defense  budget  The  real  concerns  that  I  have  are  in  1996  and  1997,  when  we  will 
reduce  tiie  defense  budget  not  $11  billion,  but  $25  billion  in  1996  and  $36  billion  in  1997.  It’s 
going  to  be  very  tough  and  one  of  the  things  that  we  are  trying  to  make  sure  we  do  in  the  House 
Anns  Services  Committee  is  to  keep  the  R^  moving,  keep  the  technology  moving.  We  are  going 
to  cut  procurement  Procurement  will  be  down  17  percent  but  we  are  going  to  keep  R&D  up.  We 
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are  hoping  that  there  will  be  R&D  development  and  we  will  put  it  on  the  shelf  and  say,  “Go 
develop  something  else.  And  when  that  product  is  developed,  put  it  on  the  shelf.”  All  of  these 
ideas  are  going  to  have  to  translate  into  civilian  jobs  because  the  current  administration  has  taken 
the  “D”  off  of  DARPA  and  made  it  ARPA  and  they  are  insistent  that  we  develop  a  dual-use 
technology.  That’s  where  the  effort  and  energy  is  going  to  go  and  so  we  must  always  be  mindful 
of  trying  to  ensure  that  there  is  some  civilian  technology,  as  well  as  defense  technology,  available. 
I’m  not  sure  how  that  is  going  to  work;  frankly.  I’m  skeptical.  Again,  1  think  the  purpose  of  the 
military  is  to  find  technology  that’s  going  to  m^e  us  better  fighting  warriors.  If  there  is  signiHcant 
secondary  applications  to  the  civilian  world  that  does  not,  in  fact,  give  away  our  civilian 
technology,  we  ought  to  do  that.  That’s  where  ARPA  comes  in.  They  ought  to  be  able  to  have 
people  who  are  developing  the  synergies  between  defense  priorities  and  civiliw  technologies.  You 
are  obviously  interest^  in  how  to  get  hold  of  the  dollars,  what  to  do,  what  is  the  mission,  how  do 
you  get  involved,  how  do  you  succeed.  There  is  no  easy  answer.  Just  like  Thomas  Edison,  just 
like  Jim  Bunning  --  it  takes  a  lot  of  hard  work.  I  think  we  are  going  to  see  some  remarkable 
technologies.  When  I  started  at  the  Naval  Academy,  we  had  a  room  fill^  with  a  computer  and  we 
were  de^ng  in  FORTRAN;  Basic  was  just  starting  out.  That  was  in  the  1960s.  Many  of  you 
were  in  the  same  types  of  engineering  labs.  Like  me,  you  carried  a  slide  rule  on  your  belt.  The 
company.  I’ve  understood,  has  gone  bankrupt  that  made  slide  rules.  If  you  have  one  at  home, 
keep  it  Some  day  you  can  show  your  grandchild  how  you  used  to  compute  logarithms. 

I  just  bought  a  new  laptop  computer  that  has  more  power  in  it  than  the  first  computer  I  had 
when  I  was  practicing  law.  It’s  got  a  flat  screen  that  is  very  capable  for  making  a  presentation  and 
has  enormous  potential  future  applications  in  the  military.  In  fact,  when  people  were  in  Desert 
Storm,  they  had  miniaturized  receivers  and  could  receive  up  to  24  pages  as  the  satellite  went  over 
and  could  get  orders  and  communications;  it  was  great  One  of  the  problems  with  this  laptop 
computer  is  that  the  flat  screens  are  all  made  in  Japan  right  now  and  it  doesn't  work  if  you  have  to 
look  at  it  at  an  angle  because  you  won’t  see  a  clear  picture.  We  are  going  to  have  to  improve  on 
that  technology.  But  I  don’t  think  we  want  to  improve  and  have  Japan  develop  and  manufacture  all 
of  our  flat,  crystal  screens.  That  means  we  have  to  get  the  startup  industry  going  in  this  nation. 
We  have  to  get  a  piece  of  that  action.  ARPA  is  probably  going  to  be  the  lead  in  inaking  sure  that 
that  happens  as  it  has  with  miniaturization  of  computers,  as  it  has  in  SEMI  TECH  and  a  lot  of  other 
consortiums.  It’s  important  that  we  develop  a  civilian  product  for  the  military  and  go  the  reverse. 
I  suppose  the  message  is  we  should  also  tt^e  some  of  our  technology  and  put  it  into  the  civilian 
world.  Certainly  the  computer  industry  is  one  of  the  most  important  industries  in  the  nation  and 
the  world  right  now.  What  is  most  important  is  that  we  make  sure  we  keep  people  whose  brain 
power  is  essential  to  success  gainfully  employed  by  this  coun^  and  make  sure  we  are  providing 
them  opportunities.  One  of  the  things  that  Lester  Throes  in  his  book  Head  to  Head  points  out  is 
what  has  made  this  coundy  great  is  that  we  have  always  had  the  top  ten  percent  who  have  done  the 
inventions;  the  problem  is  tlut  today  -  as  evidenced  by  the  fax,  the  microwave,  the  flat  screen  and 
the  computer  and  many  other  technologies  that  we  developed  --  they  are  manufactiued  in  other 
nations.  In  addition  to  you  who  are  the  entrepreneurial  brains,  we’ve  got  to  make  sure  that  we  are 
developing  a  core  of  workers  who  have  the  capability  to  read  a  metric  scale  and  read  fundamental 
English  arid  understand  what  it  says,  to  take  your  product  and  utilize  it. 

Thomas  Edison  was  a  great,  practical  individual.  He  always  took  two  of  the  best  students 
from  some  of  the  graduate  schools  and  brought  them  onboard  as  his  personal  assistants.  James 
Newton  tells  a  stopr  of  how  he  took  two  students  from  MIT  who  were  outstanding 
mathematicians  and  said,  “Your  first  project  is  to  compute  how  much  volume  and  weight  of  water 
would  fill  the  light  bulb.”  He  gave  them  tiie  light  bulb  which  was  flat  on  one  side  and  elliptical  on 
the  other  side,  and  they  went  off  and  worked  on  that  project  for  about  two  weeks.  They  came  back 
to  Thomas  E^son  and  said  “We’ve  got  different  answers,  but  we’ve  both  done  it  and  we  think 
we’re  both  conect”  Thomas  Edison  said,  ”Let  me  see  what  I  can  do.”  He  weighed  the  light  bulb, 
clipped  off  the  metal  portion,  took  an  eyedropper  and  put  water  into  the  light  bulb,  put  it  on  the 
8cale;and  subtracted  the  clipp^  off  portion  from  the  light  bulb.  That  gave  hun  the  weight  He  put 
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the  water  into  a  beaker  and  that  gave  him  the  volume.  And  he  told  these  guys,  “Now  look,  that 
took  me  about  30  minutes.  Took  you  guys  two  weeks  to  figure  out  mathematically  and  you 
weren’t  as  accurate  as  I  was.  Take  the  technology  and  education  you  have  and  put  it  to  practical 
use.” 


That’s  the  message  I  would  like  to  leave  with  you.  As  we  have  tankers  going  up  and  down 
our  coasts,  we  need  the  GPS  to  help  them.  We  need  supercomputers  to  figure  out  our 
mathematical  models.  We  need  the  miniaturization  of  micromachines,  we  need  SEMI  TECH 
problems  solved,  we  need  lots  of  things  in  the  industry.  Don’t  be  discouraged.  And  that’s  the 
final  message. 

While  we  are  today  reducing  our  defense  budget  -  all  of  you  may  be  thinking  that  there  is 
not  a  future  for  you  -  remember,  Thomas  Edison  worked  for  two  years  to  figure  out  how  to  put  a 
lament  into  a  light  bulb.  It  was  Thomas  Edison  who  said,  “Success  is  one  percent  inspiration,  99 
percent  perspiration.”  It  won’t  be  easy  in  the  next  couple  of  years.  1  am  absolutely  convinced  with 
people  like  yourselves,  with  ARPA  and  other  people  helping  to  developing  this  technology,  the 
United  States  will  be  ready  in  the  next  10,  15  or  20  years,  whenever  we  are  called,  to  meet 
whatever  threat  is  out  there  with  sophistical  technology  that  works. 

Thank  you  and  good  luck.” 
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I-B  Overview  of  ARPA  Mission 

Dr.  Gary  L.  Denman 


Or.  Gary  IL.  Oeniman 


Dr.  Gary  Denman,  Director,  ARPA 


Tuesday,  June  22,  1993 

ARPA  16th  Systems  and  Technology  Symposium 


Dr.  Gary  Denman,  Director  ARPA: 

It’s  useful  to  step  back  and  ask  yourself,  “Do  we  have  the  foundation  for  a  structure  and 
mission  for  the  Agency?”  Amazingly  enough,  for  a  Government  organization,  we  actually  have  a 
mission  statement  that  actually  describes  very  well  what  we  are  responsible  for  and  as  a  foundation 
for  moving  to  a  post  Cold  War  era  within  the  Department 

In  1958,  President  Eisenhower  established  ARPA,  largely  in  response  to  Spumik,  and  felt 
that  there  was  a  grave  need  for  an  organization  that  would  have  the  primary  job,  as  a  corporate 
organization  to  the  Department,  to  focus  on  the  question  of  technologic^  surprise  and  technological 
superiority.  ARPA  has  done  very  well  over  the  years.  There  have  been  ups  and  downs  and  there 
have  been  changes,  but  I  believe  the  Agency  is  alive  and  well  and  very  healthy.  We  have  the  basic 
challenge  to  “pursue  imaginative  and  innovative  R&D  projects”.  Obviously,  that  is  in  the  eye  of 
the  beholder.  I  hope  when  you  are  done  in  the  ne)?t  three  days  that  you  will  agree  that  the  program 
we  are  doing  and  the  program  we  are  planning  meets  that  criteria. 

The  word  “projects”  in  that  statement  is  an  important  word  because  one  characteristic  of 
ARPA  has  to  do  with  its  success  -  besides  having  very  talented  people  --  has  to  do  with  the  ability 
that  we  can  get  in  and  out  of  technical  areas.  We  are  a  projects  agency;  but  compared  to 
organizations  that  have  infrastructure  to  maintain,  our  job  of  getting  out  of  something  is  much, 
much  easier.  ARPA  is  not,  as  some  have  said,  beholding  to  any  institutions  and,  therefore,  has 
freedom  of  action  that  is  very  different  from  other  organizations. 

Another  qharacteristic  of  the  mission  is  that  we  span  the  spectrum  of  basic  research  to 
technology  demonstration,  that  license  to  span  that  whole  spectrum  is  critical  to  our  success.  The 
last  Une  on  the  chart  is  the  primary  characteristics  of  ARPA  that  must  be  maintained,  i.e.,  the  idea 
of  fundamental  change,  the  idea  of  paradigm  shifts  (to  use  the  jargon)  -•  not  only  in  the 
technology,  or  in  the  military  capability,  but  also  in  indust^  capability.  T^ose  three  things  are  the 
watch  words  as  I  look  at  the  Agency. 


Central  R&D  Organization  of  the  DoD 
-  Maintain  Technological  Superiority 
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Cause  Fundamental  Change  in  Technology, 
Industrial  Capability  and  Military  Capability 


We  have  nine  offices  in  addition  to  the  various  support  activities  ranging  from  contracting 
to  financial  to  personnel  to  legal  and  so  forth.  The  nine  organizations  say  a  lot  about  the  future. 
We  reorganized  a  couple  of  years  ago,  but  the  organization^  structure  is  still  sound,  with  the  top 
four  boxes  focused  on  customers  and  applications,  and  the  bottom  five  focused  on  technology.  It 
is  a  balanced  organization  in  that  context  You  will  hear  essentially  from  all  those  offices  during 
through  the  next  two  days. 


ARPA  Technical 
Organization 


I  know  you  are  basically  here  to  ask  the  question,  “Where  is  the  money  and  how  do  1  get 
it?”  So  I  want  to  show  you  some  budget  information.  This  is  a  collection  of  programs  and 
subjective  packaging  of  the  program,  and  does  not  have  any  relationship  to  what  you  might  read  in 
the  Congression^  documentation  that’s  public  in  terms  of  program  elements  and  line  items,  and  so 
forth.  It  is  a  mixed  integration  of  that.  I’ll  say  more  about  this  defense  reinvestment  dual-use  line 
at  the  top.  You  all  know  much  more  about  that  in  terms  of  the  Technology  Reinvestment  Project. 
I  don’t  want  to  overfocus  on  that;  you  can  see  that  it  is  not  dominating  our  program. 

I  think  Congressman  Machtley  raised  an  important  issue:  we  have  the  primary 
responsibility  to  ensure  technological  superiority  for  our  military.  We  are  not  losing  sight  of  that 
issue,  and  the  budget  outlined  here  shows  that  On  the  other  hand,  the  dual-use  concept  is  a  solid 
concept.  The  only  difference  between  the  top  line  and  the  rest  of  the  budget  is  that  the  top  line, 
Dual-Use,  is  a  requirement  of  the  programs;  the  rest  of  the  Agency  dual-use  is  a  d&siadibXt  feature 
to  the  programs.  That’s  the  way  I  look  at  the  budget  breakout  and  how  I  have  tried  to  describe  it  to 
the  Congress. 
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TOTAL  2249  2182 


This  chan  summarizes  how  we  spend  the  money.  The  iiem  called  “Noi-for  Profii”  is 
basically  driven  by  a  loi  of  our  partnerships,  SEMI  TECH  and  other  non-profii  institutions  with 
which  we  do  business.  If  you  take  the  combination  of  the  not-for-profit  universities  and 
industries,  nearly  90  percent  is  going  in  that  direction,  with  only  a  little  over  10  percent  going 
toward  FFRDCs  for  various  kinds  of  support,  as  well  as  program  execution,  mainly  support,  and 
some  funding  going  on  in  some  of  the  in-house  laboratories  of  the  military  departments.  This 
program  remains,  without  danger,  focused  on  industry. 

Let  me  get  into  how  we  really  son  out  where  we  invest  and  what  thought  process  is  used  as 
we  decide  where  to  invest;  I  hope  out  of  that  you  go  away  with  an  understanding  of  how  to  sell 
ARP  A.  That  is  something  I  have  observed,  over  the  last  two-and-a-half  years  that  I  have  been 
here,  that  as  industry  comes  in,  it  is  all  over  the  map  in  terms  of  how  you  excite  ARPA  about  an 
area  and  so  forth.  Hopefully,  this  will  help  you  in  that  regard. 


ARPA  Major  Performers 


This  is  specifically  what  1  use  as  a  mental  checklist  as  we  make  our  investment  decisions. 
First  and  foremost,  if  ARPA  doesn’t  have  a  talented  Program  Manager  who  really  is  plugged  into 
the  technology  on  a  broad  basis,  then  we  should  not  be  investing.  Said  in  a  positive  way,  a 
Program  Manager  is  the  key  ingredient  to  any  successful  program  at  ARPA.  Second  is  an 
involved  customer;  this  has  to  do  with  the  path  to  implementation  question  on  the  military  side  that 
I  was  speaking  of.  This  is  not  a  requirements  process  drill  we  go  through  at  ARPA.  This  is  a 
connection  to  the  senior  levels  of  the  military  departments  and  Joint  Chiefs  of  Staff  in  terms  of 
understanding  where  they  are  going  and  where  their  needs  are  going,  and  working  with  them  to 
follow  through  on  the  ideas  and  develop  the  military'  concept  of  operation  for  whatever  the 
investment  we  may  be  making.  Being  plugged  in  with  the  customer  is  a  key  factor. 

Obviously,  going  back  to  the  concept  of  fundamental  change,  we  look  for  the  unique 
technical  ideas,  not  for  the  “me  too”  technic^  ideas.  Military  context  for  an  idea  is  coupled  to  a 
customer  perspective,  but  is  also  vep'  key  to  focus  on,  particularly  as  we  move  from  technology 
development  to  the  military  applications  part  of  the  program,  to  understand  the  military  context  of 
what  we  are  developing. 

Another  key  factor:  “Is  the  industry  able  and  ready  to  execute  the  program?”  That  particular 
item  in  the  past  has  been  fairly  easy.  Today,  that  is  getting  to  be  a  harder  question  as  the  industrial 
base  reshapes  as  you  and  your  companies  change,  downsize  and  shift.  It  gets  more  difficult  for  us 
to  predict  who’s  going  to  be  in  a  particular  business  in  five  years.  That’s  critical.  More  often  than 
not,  as  I  see  large  investments  in  technology  that  don’t  get  implemented,  it  is  because  industry  has 
changed  its  business  strategy  in  the  midstream  of  the  program  and  decided  not  to  pursue  a 
particular  technology  in  teims  of  moving  to  product  That’s  why  it  is  required  that  we  stay  very 
close  to  each  other  -  that  we  sustain  a  close  relationship  and  dialogue  over  where  you  are  going  in 
your  business  plans  coupled  to  where  we  are  going. 

Sufficient  dollars  to  drive  it  to  conclusion  goes  without  saying;  and  that’s  one  of  the  unique 
features  of  ARPA.  We  do  our  best  not  to  underfund  a  particular  technology,  and  if  we  can’t  fully 
fund  or  get  the  funding  to  the  levels  to  what  it  takes  to  bring  it  through,  then  we  shouldn’t  start 
programs.  That’s  probably  the  most  important  chart  I  want  to  talk  to  you  about  today,  but  I  would 
like  to  shift  now  to  discussion  of  some  of  the  current  drivers  -  things  that  are  driving  us  to  our 
decisions  -  that  I  hope  you  find  helpful. 
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As  I  have  jusi  said,  unequivocally,  a  clear  miliiary’  need  in  all  the  programs  in  the  key 
factor.  Thai's  unchanged  and  that  will  not  change. 

I  enjoyed  Congressman  Machtlej-'s  corollary’  to  Thomas  Edison's  approach  to  technology 
because  I  certainly  agree  with  that  I  have  never  thought  of  it  in  terms  of  Edisonian  perspectives; 
i.e.,  focus  on  the  past  to  making  products  available.  That  is  something  that  ARPA  must  sustain  a 
vision  as  contrasted  to  a  general  statement  to  move  the  technology  forward  or  to  invest  in  resurge 
or  just  to  invest  in  good  ideas.  All  of  those  are  important,  but  if  we  lose  sight  of  sustaining  a  path 
of  product  availability,  we  lose  a  key  characteristic  of  ARPA.  That  path" can  be  to  commercial 
products,  or  to  military  products. 

Dual-use  is  in  the  best  interest  in  the  Department  of  Defense,  and  has  to  do  with 
affordability.  If  we,  in  fact,  sustain  the  approach  of  having  dominantly  military-unique 
components  and  products  (it  is  not  indusuy-'s  fault,  industry'  has  been  incentivized  to  do  precisely 
exactly  that),  we  will  not  be  able  to  afford  the  military  the  American  public  expects  from  us.  That's 
my  vision  of  what  dual-use  means.  It  is  in  the  self-interest  of  national  security.  It  is  not 
fundamentally  an  indusuial  policy  issue;  rather,  it  is  a  necessity  that  we  have  to  look  at  -  to  draw 
to  the  maximum  extent  possible  from  the  commercial  base  in  this  country  and,  in  some  cases, 
worldwide.  That’s  the  strategy  we  have  to  be  on.  You  will  hear  those  kinds  of  things  from  Bill 
Perry  when  he  talks  to  you  tomorrow. 

Another  characteristic  of  ARPA  is  our  ability  to  dialogue  with  you.  the  industry,  in 
allowing  goals  and,  therefore,  leveraging  each  other  in  the  investment.  Finally,  I  think  Ave  are 
exploring  some  business  arrangements  that  are  unique  and  new,  and  I  find  the  most  excitement  is 
in  the  unique  business  arrangements  primarily  driven  by  this  thing  called  “agreements”  -  which  I 
won’t  go  into  detail  today.  Basically,  it  gives  us  the  flexibility  to  sit  down  at  the  table  and  negotiate 
in  somewhat  of  the  manner  you  would  negotiate  a  commercial  contract 
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People  talk  about  a  military  technology  revolution  that  is  underway.  1  personally  believe 
that,  in  fact,  is  true.  It  is  all  based  on  information  technology,  electronics  technology.  If  you  think 
of  it  has  the  perfect  knowledge  of  what’s  over  the  hill,  that's  the  military  technology  revolution  at 
least  embodied  in  one  part  1  believe  that  we  are  moving  in  that  direction  and  that  we  are  the 
leading  edge  of  this  revolution.  We  don’t  know  where  that  is  going  to  take  us.  but  I  believe  it  is 
going  to  shape  military  strategy  in  a  dramatic  way,  just  as  nuclear  weapons  did  in  the  past.  Some 
would  say  that’s  a  gross  overstatement;  1  believe  it  io  be  true  and  that  is  why  1  so  strongly  support 
our  sustained  investment  in  information  technologies. 

Another  thing  that  is  absolutely  driving  us  now;  it  is  very  clear  that  affordability  is  going  to 
shape  our  future  military  weapon  decisions  in  ways  that  we’ve  only  begun  to  understand. 
Therefore,  working  affordability'  at  the  beginning  of  technology  investments  is  more  critical  as  time 
moves  on.  ARPA  is  well  positioned  with  that  As  you  know,  over  the  last  three  or  four  years, 
there  have  been  some  dramatic  shifts  at  ARPA  relative  to  investment  and  manufacturing 
technology,  which  is  quite  a  change  over  the  last  three  years. 

Of  the  key  issues  that  will  shape  and  are  very  critical  to  the  kinds  of  warfare  in  which  we 
are  likely  to  engage  in  the  future,  the  whole  area  of  simation  awareness  and  precision  attack  will 
shape  our  military  strategies  very  dramatically  to  the  future.  A  lot  of  things  are  behind  that 
statement;  it  means  a  lot  of  things  ranging  from  some  of  our  planning  initiatives  to  a  lot  of  things  as 
you  move  through  our  programs  and  you  might  want  to  think  about  that  as  you  listen  to  some  of 
the  briefings. 

Finally,  this  concept  of  integration  of  the  defense  and  commercial  base,  both  technology 
base  and  production  base,  is  a  national  priority.  We  must  do  it  My  role  is  primary  in  trying  to  do 
that  in  shaping  the  technology  base.  1  think  equally  important  as  we  move  forward  and  you  see 
some  of  tlungs  going  on  in  acquisition  reform  in  the  Department  will  move  in  this  direction  to 
accomplish  that  in  the  production  base  as  well 


Some  of  the  external  things  that  are  driving  our  program  that  make  it  very  difficult  when 
you  have  external  drivers  of  this  type,  are  plans  that  are  unchanging.  Our  plans  are  changing 
dramatically  over  the  coming  year  and  some  of  the  external  things  that  are  driving  that  are 
restructuring  in  the  industrial  base,  the  concept  of  conversion.  Congressman  Machtley  said  it  very 
well:  we  are  not  going  from  weapons  to  plow  shares  nor  our  aircr^t  industry,  as  some  have  said, 
converting  to  ma^g  bicycles.  That  is  utter  nonsense.  However,  there  are  some  levels  of  industry 
that  will  successfully  conven.  Those  levels  tend  to  be  the  second,  third  tier,  first  tier 
subcontractors.  The  medium  and  small  size  companies  that  are  more  agile  and,  in  many  cases, 
already  have  knowledge  and  are  serving  commercial  markets.  Those  are  the  shifts  that  will  be 
most  importanL  They  tend  to  be  at  the  component  supply  level  for  the  Department,  and  I  think  you 
will  see  ARPA  focusing  a  great  deal  on  those  kinds  of  companies  in  the  context  of  integration  of 
the  militar>'  and  commercial  base. 

There  is  obviously  a  lot  going  on  with  respect  to  the  economical  and  technological  policies, 
primarily  out  of  the  White  House.  We  have  to  track  that  very  closely.  It  is  evolving  and  as  it 
evolves,  it  bodes  well,  not  only  for  ARPA,  but  for  other  institutions  in  the  Government,  and  I  look 
forward  to  working  in  collaboration  with  many  of  those  institutions. 

Another  shift  that  is  going  on  and  is  an  external  driver  for  our  programs  as  to  do  with  role 
of  the  intelligence  community  in  supporting  miliu^  operations.  We  are  going  to  see  in  the  next 
two  years  dramatic  shifts  in  that  regard,  and  that  will  cause  some  reshaping  of  the  ARPA  program 
as  we  try  to  support  that  shifL  Obviously  a  challenge  that  is  just  unfolding  is  the  contraction  of  the 
fore-strucmre.  I  believe  the  ARPA  program  must  respond  to  that  contraction  as  it  unfolds  through 
the  bottom-up  review  process  that  is  going  on  today. 


External  Program 
Drivers 


Lei  me  shift  now  to  describe  some  of  our  programs  and  give  you  a  sense  of  where  I  see  the 
investment  emphasis  in  the  near-term  (over  the  next  two  or  three  years).  I  have  just  described  our 
commitment  to  information  technologies  and,  hopefully  I  have  described  my  rationalization  for 
that,  and  electronic  technologies,  as  unwavering.  This  represents  over  half  of  the  Agency,  over  $1 
billion  in  terms  of  investment  annually  in  these  areas.  Obviously,  we  are  still  connected  to  and 
managing  the  SEMI  TECH  program;  we  expect  that  to  continue  on  more  of  a  project  basis  rather 
than  on  the  previous  basis  of  broad-based  investment.  There  are  incredibly,  exciting  things  going 
on  in  the  electronic  packaging  program  that  essentially  will  provide  a  shift  of  the  equivalent  of  one 
generation  of  micro-electronrics,  and  with  a  whole  lot  less  investment. 

The  high-definition  displays  is  a  critical  product-defining  technology,  and  we  are  sustaining 
our  support  for  that.  That  is  a  very  controversial  subject.  It  has  become  the  pilot  project  for 
shaping  industrial  or  technology  policy;  you  will  see  a  lot  unfold  in  that  program  over  Ae  coming 
year. 


High-performance  computing  is  one  of  our  largest  programs.  It  is,  s  you  know,  designed 
to  cause  a  fundamental  shift  from  vector  computing  to  massively  parallel  computing,  doing  that  in  a 
scalable  fashion.  We  plan  to  continue  that  program  at  well  over  $200  million  a  year  in  those 
investments  and  with  some  shift  toward  enabling  applications  as  contrasting  to  enabling  the 
concept,  you  will  see  more  of  an  application  shift  in  that  program  than  you  have  in  the  past. 

The  networidng  technology  is  like  being  on  the  back  end  of  a  wild  dog  being  jerked  around 
because  that  is  moving  so  fast  the  industry  is  restructuring  at  a  pace  that  I  can’t  even  begin  to  keep 
track  of.  You  read  in  the  Post  or  the  Journal  every  day  about  another  deal  being  struck  with 
respect  to  networking,  and  networidng  technologies  tetween  the  telecoms  and  cable  companies  is 
kind  of  all  over  the  place.  ARPA  can  provide  some  leadership,  staying  one  generation  ahead  of 
where  the  telecom  basically  are.  That  is  our  role  and  that’s  the  role  we  will  continue  to  play. 

We  are  putting  in  some  incredibly  high  performance  testbeds  at  the  present  time  and  plan  to 
continue  that  sort  of  investment  We  are  investing  strongly  in  some  areas  that  have  to  do  with 
“coimecting  the  fiber,”  if  you  will,  in  photonics  and  optical  electronics. 

Software  remains  the  Archille’s  heel  of  this  military  technology  revolution  I  described.  We 
have  no  silver  bullets  at  the  present  time.  It’s  an  absolutely  key  area  that  we  must  sustain  our 
investments  and  we  plan  to  do  so. 

You  are  going  to  see  more  and  more  applications  of  information  technology  in  various 
Agency  programs.  We  are  doing  a  great  deal  in  planning  systems:  command  and  control,  crisis 
management  arid  we  are  going  to  see  mote.  We  are  looking  at  the  medical  area  and  various  areas  in 
that  regard. 

I  think  we  have  only  begun  to  understand  what  we  can  do  with  microminiature  systems 
ranging  from  battlefield  management  applications,  personnel  performance,  monitor  applications, 
distributed  sensors,  etc.  The  opportunities  abound  to  exploit  all  of  this  technology.  Perhaps 
power  management  remains  the  most  difficult  technical  challenge  in  that  regard. 


ARPA  Program  Thrusts 


We  are  not  a  broad-based  investor  in  materials  technology,  but  what  you  are  going  to  see 
over  the  next  year  is  a  sustained  look  at  the  high-temperature  composites  business  as  well  as  the 
low-cost  manufacturing  business  for  conventional  composites  Us  a  major  emphasis)  and  a 
continuation  in  our  work  in  various  exotic  electronic  materials:  high-temperamre  superconducting, 
diamond  films,  etc.  Manufacturing  applications  relates  to  the  whole  process  of  design  and 
manufacturing  of  systems  and  its  integration.  Some  of  the  strategies  include  focusing  on 
decoupling  costs  and  volume,  classic  cost  and  volume  relationships;  it  involves  concepts  of  flexible 
manufacturing.  One  of  the  areas  we  should  put  some  emphasis  on  is  the  assembly  process.  We 
are  doing  quite  a  bit  in  the  physical  processes  in  manufacturing.  I  believe  we  need  to  look  at  the 
assembly  process  stronger  than  we  have. 


ARPA  Program  Thrusts 

(Con't) 


These  are  some  military  applications:  precision  attack  capabilities  (which  couples  with  the 
surveillance  and  targeting  kinds  of  sensors),  battlefield  management  situation  awareness,  the  literal 
waters.  We  are  continuing  to  look  very  hard  at  ship  systems  design  and  construction.  The 
contingency  vehicle  business  is,  for  contingency  forces,  one  on  which  we  should  sustain  our 
emphasis.  We  have  to  develop  a  lighter  effective  forces  if  we  expect  to  have  a  responsive  army  to 
crisis  situations.  And  finally,  one  that  we  all  have  to  think  clearly  about  is  the  non-proliferation 
business.  This  is  one  thing  that  Secretary  Aspin  is  very  committed  to.  It  is  probably  dso  the  most 
challenging  problem  we  face.  We’ve  done  in  ARPA  a  good  job  in  nuclear  counterproliferation 
monitoring  kind  of  business.  How  we  extend  that  to  other  threats  in  the  Cambio  areas  is  a  ma  jor 
challenge  that  I  don’t  have  answers  today.  I  only  have  questions,  but  you  will  see  us  increasing 
our  focus  on  that  military  need. 
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The  Training  and  Education  Area.  This  is  not  a  complete  list.  If  you  don’t  see  your 
favorite  future  thing  here,  don’t  get  excited.  There  is,  in  fact,  a  longer  list  we  are  working  on. 
What  we  need  to  think  through  carefully  is  the  training  and  education  technology  business  ~  how 
we  can  improve  the  effectiveness  of  our  forces  —  as  well  as,  perhaps,  create  some  dual-use 
opportunities.  Obviously  the  simulation  business  is  something  that  ARPA  has  been  remains 
committed  to,  application  of  simulation  technology  and  computer  technology  is  what  I’m  thinking 
when  I  use  those  terms.  Environmental  technology  is  only  going  to  increase  as  time  moves  on  in 
the  Department,  both  in  the  prevention  area  i.e.,  environmentally  safe  manufacturing  which  we  are 
already  investing  in.  Monitoring,  applying  some  of  our  advanced  sensors  to  monitoring 
environmental  issues  and  clean  up  processes.  We  are  not  doing  a  great  deal;  we  have  a  couple  of 
innovative  things  right  now.  You  may  see  more.  I  believe  the  whole  area  of  optics  is  something,  I 
am  speaking  all  the  way  from  the  micro-optics  of  the  photonics  area  all  the  way  through  physical 
optics  is  something  that  is  going  to  become  more  and  more  important.  In  an  area  that  I  cannot  tell 
you  where  exactly  we  are  going  right  now  but  the  whole  broad  based  vehicle  technology  business 
is  something  we  are  having  a  lot  of  discussions  about,  don’t  read  this  that  we  are  going  to  stan  a 
massive  program  in  electric  vehicles  though,  that  is  still  under  a  great  deal  of  discussion.  ” 
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Dr.  H.  Lee  Buchanan,  ni: 

(First  Slide)  I  am  going  to  try  to  motivate  a  little  bit  more  expansively  some  of  the  key  items  that 
Gary  just  addressed.  You  will  recall  that  over  the  past  several  years,  we  were  in  something  called 
“the  Cold  War.”  It’s  over,  we  won.  It  was,  you  will  recall,  much  a  war  of  attrition,  and  the 
measure  of  effectiveness  of  Ae  system  that  we  rose  to  meet  the  challenge  was  largely  the  extent  that 
it  was  never  used.  And  that  is  right  As  a  matter  of  fact  it  was  not  much  used  in  latter  years.  The 
nuclear  arsenal,  in  particular,  served  its  purpose  just  right  and  we  won.  Thank  goodness.  That 
puts  us,  however,  in  an  interesting  spot  We  in  the  Department  of  Defense  fmd  ourselves  between 
the  proverbial  rock  and  hard  place.  The  rock  is  that  all  of  those  threats  and  die  missions  have 
changed.  They  haven’t  gone  away;  they’ve  changed.  The  world  is  still  very  much  a  dangerous 
place.  It’s  obvious  if  you  look  at  any  newscast  There  are  people  out  there  intent  on  doing  us 
misdeeds.  There  is  no  less  a  requirement  for  a  defense  than  there  has  ever  been;  however,  the  one 
that  we  built  up  in  the  process  of  this  war  of  attrition  against  a  foe  that  has  diminished  is  not 
necessarily  the  right  force  for  the  threat  that  is  now  apparent  The  hard  place,  on  the  other  hand,  is 
that  there  is  no  money.  The  budgets  are  surely  coming  down  and  it  is  as  it  should  be,  and  there  is 
little  resolve  on  the  part  of  the  American  people  and  the  Congress  that  represents  them  to 
reconstitute  -  that  is  an  old  term  that  has  a  dual-use  meaning  -  a  force  in  a  different  direction  out 
of  a  large  residue  that  we  have  already.  That’s  the  rock  and  Aat’s  the  hard  place. 

(Second  slide)  There  are  two  major  problems  that  are  obvious  to  us  all.  First,  we  have 
now  as  a  fimction  of  this  Cold  War  of  attrition  two  separate  industrial  bases:  one  commercial  and 
one  military  (or  defense).  They  are  very  different  They  differ  in  some  obvious  ways  that  I  list 
here  and  not  so  obvious  ways  that  you  know  yourself.  Defense  is,  of  course,  driven  by  the  threat 
where  the  threat  moves  quicker  than  the  industry  can  respond;  you  find  yourself  the  rock-and-a- 
hard-place  problem  that  we  are  now.  Industry,  on  the  oAer  hand,  moves  towards  opportunities. 
They  are  always  looking  ahead  of  the  current  picture  to  make  sure  that  the  direction  in  which  they 
are  moving  and  the  speed  corresponds  with  the  opportunity  Uiat  is  lil^ly  to  arise.  Two  very 
different  ways  of  lookmg  at  two  very  different  problems. 

Defense,  as  you  know  quite  well,  is  bounded  by  a  set  of  rules  and  regulations  that  are 
meant  to  ensure  competition  and  fairness  in  a  situation  where  there  is  only  one  customer.  You 
know  it  as  the  FAR.  Industry,  on  the  other  hand,  very  much  responds  to  the  marketplace.  When 
two  companies  in  an  industrial  format  want  to  do  a  deal,  they  often  sit  down  across  a  table  with 
mote  or  less  a  clean  sheet  and  try  to  do  those  things  that  niake  sense.  While  the  FAR  was  certainly 
instituted  as  a  set  of  rules  that  make  sense,  the  changes  that  accrue  over  time  make  that  sense 
sometimes  more  opaque  than  at  other  times.  Defmse  is  very  much  motivated  by  desire  to  be  ready 
at  a  moment’s  notice  in  a  place  not  known  to  do  a  job  that  they  cannot  always  rehearse  for.  It’s 
very  much  a  stockpile  mentality.  You  have  a  standing  army  that  has  standing  equipment  that’s 
ready  at  a  moment’s  notice  to  go  and  defend  the  country.  Industry,  on  the  other  hand,  respond  in 
a  very  different  way.  More  so  in  recent  years,  it  has  taken  the  notion  of  a  “just  in  time”  mentality. 
I  don’t  want  to  have  large  stoclqriles  of  raw  materials;  I  want  those  raw  materials  to  be  ready  to  ^ 
instituted  into  products  only  when  I  need  them,  not  a  lot  before  and  certainly  not  a  lot  after.  A 
very  different  way  of  looking  at  a  very  different  problem.  The  two  are  not  similar  and  that 
accounts  in  great  measure  for  Aeir  separateness,  both  in  the  past  and  in  the  present,  and  that’s  too 
bad. 
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The  second  problem  is  really  one  that  accrues  to  both  of  those  sides:  a  sluggishness  on 
productizing  new  technologies  when  they  become  apparent  I  choose  not  to  use  the  phrase  “tech 
transfer”  because  I  think  that  connotes  something  very  much  more  simple  than  anything  I've  ever 
seen  in  operation.  The  insertion  of  technologies  into  products  is  very  much  an  intimate  body 
contact  sport  where  it  is  very  difficult  to  see  the  actual  transfer  taking  place.  It’s  very  difficult  to 
see  who  is  pushing  on  whom  in  order  to  get  these  technologies  in  place.  It’s  more  idiomatic  or 
osmotic,  and  in  most  cases  it’s  very,  very  sluggish.  Certainly  more  so  than  our  competitors  and 
that’s  a  problem.  In  short,  we  need  to  somehow  solve  both  of  these  because  we  caimot  afford 
either  problem  to  persist  any  longer.  You  will  see,  I  hope,  in  what  I  say  this  morning  and  what  the 
Agency  does  in  the  future,  that  we  are  very  mindM  of  both  of  these  problems  and  mindful  of  the 
fact  that  we  need  to  do  something  very  dramatic  as  a  country  to  solve  Aem. 

(Third  slide)  What  to  do?  Well,  as  Gary  mentioned  there  are  lots  of  ways  to  “skin  this  cat.”  You 
will  hear  Dr.  Perry  tomorrow,  I  hope,  t^  about  procurement  reform.  I  know  of  no  one  more 
interested,  more  energetic  and  more  competent  to  do  something  about  that  than  Dr.  Perry.  It  is  a 
mammoth  job,  and  we  are  all  going  to  help  him  in  every  way  we  can.  All  of  these  issues  are  well 
known  to  you.  The  huge  number  of  specifications,  the  huge  amount  of  cost  accounting,  the 
oversight  given  by  the  Department  on  contractors  ~  all  of  these  things  are  impediments  to  actual 
productization  of  technologies  and  the  institution  of  goods  for  the  military.  We  will  have  to  do 
some  measure  of  procurement  refonn.  I  don’t  know  that  ARPA  will  be  central  in  that  role.  We  are 
not  a  policy  agency.  We  will  certainly  seek  to  l^lp  in  that  role  and  I  will  assume  that  we  can  make 
some  real  contribution  there. 

There  is  a  problem  as  well  with  manufacturing  because,  as  you  well  know,  the  Department 
of  Defense  buys  diings  in  quantities  that  aren’t  like  lO^O  or  10^.  For  those  of  you  who  have  had 
economics  more  recently,  remember  that  there  is  a  cost  curve  that  says  the  more  you  make  of 
stuff,  the  less  that  stuff  wUl  cost  due  to  the  distribution  of  cost  along  a  greater  num^r  of  items. 
That  price  cost  curve  will  have  to  be  flattened  if  we  are  able  to  afford  defense  material,  and  the 
flattening  of  that  curve  can  only  be  done  in  ways  diat  institute  new  manufacturing  methods.  As  a 
department  and  agency,  we  are  constantly  lool^g  across  the  board  for  manufacturing  techniques, 
technologies  and  methodologies  that  will  allow  that  curve  to  be  flat  so  we  can  buy  a  few  numter  of 
things  at  a  price  that  is  more  indicative  of  a  larger  demand.  Very  much  a  technology-driven  effort 
You  may  Imow  of  some  of  the  efforts  underway.  I  give  as  an  example  the  MANTECH  program. 

There  is  a  third  approach  that  says  there  must  be  new  ways  of  doing  business  that  will 
attack  this  problem.  You  heard  Gary  mention  a  number  of  them.  I  do  hear  consortia  and 
partnerships  have  been  “an  arrow  in  our  quiver”  at  ARPA  for  the  last  three  years.  We  see  that  they 
have  great  benefits;  they  are  not  at  aU  without  pain  and  some  suffering,  and  we  are  very  much, 
both  in  the  Government  and  industrial  side,  learning  to  maneuver  in  this  new  world. 

There  is  a  fourth  approach  --  one  that  I  would  like  to  spend  most  of  my  time  talking  about 
this  morning  -  it  goes  under  the  name  “dual-use,”  which  simply  means  to  recognize  that  another 
way  to  get  goods  at  a  price  consistent  with  a  high  demand  is  to  buy  those  goods  that  have  high 
demand.  Where  you  can  do  it  and  where  it  is  possible,  you  want  to  always  acquire  technologies 
and  materials  from  a  larger  marketplace.  Even  to  the  extent  of  instigating  a  marketplace  in  order  to 
buy  those  goods  and  services  later.  That’s  the  inherent  notion  of  dual-use.  It  is  not  a  conversion 
from  military  to  commercial;  it  is  a  merging  of  the  two  in  ways  that  have  advantage  to  DoD  in  its 
current  situation  of  new  challenges  with  less  money. 

(Fourth  slide)  This  is  a  very  simple  chart  that  illustrates  that  point  again.  If  I  had  drawn  this  chart 
as  of  several  years  ago,  thm  would  be  very  little  overlap  between  those  two  ovals.  The  notion 
now  is  to  try  to  push  them  together  even  more  than  I  have  shown  such  that  the  overlapping  center 
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ground,  which  I  call  “dual-us,”  is  to  the  greatest  leverage  of  both  the  commercial  and  the  defense 
side  of  the  equation.  Obviously,  as  products  become  more  and  more  specialized  for  either 
customer,  the  markets  wUl  become  exclusive  from  one  to  the  other.  Where  you  can  recognize 
leverages  and  situations  that  you  can  build  on,  that’s  exactly  what  you  want  to  do  as  a  new  strategy 
and  is  the  focus  of  our  dual-use  programs.  “Spin-off’  refers  to  those  technologies  that  defense  and 
industiy  together  would  develop  and  mature  in  a  direction  of  a  commercial  prc^uct  to  the  point  that 
it  will  become  viable  as  a  commercial  product  “Spin-on’’  would  be  those  technologies  that  defense 
and  commercial  industry  together  would  develop  in  a  direction  of  a  military  product  to  die  point 
that  it  is  established  viable  as  that  military  product 

I  have  chosen  those  words  in  a  way  that  does  not  put  the  DoD  in  the  business  of  venture 
capitalizing  commercial  industry  and,  in  fact  you  will  see  that  as  a  threat  diat  goes  through  the 
Tl^  as  well.  These  are  very  much  technologies  that  would  be  developed  where  both  sides  of  the 
equations  are  served,  instead  of  only  one.  I  said  I  would  not  use  the  phrase  “tech  transfer”  and 
would  also  not  use  the  phrase  “defense  conversion”  because  what  is  more  appropriate  here  is 
“defense  merging”  rather  than  conversion.  In  fact  since  I  made  a  point  of  saying  how  separate 
defense  and  commercial  markets  are,  I  imagine  that  much  of  defense  industry  wUl  be  unable  to 
convert  in  a  simple  sense  into  something  civilian. 

Recendy  I  spent  some  time  with  a  member  of  the  new  Russian  parliament  We  had  a  chat 
for  about  two  hours  through  an  interpreter.  He  was  in  this  country  to  find  out  what  he  could  do  to 
convert  and  it  was  perfecdy  obvious  that  conversion  in  his  sense  is  going  to  be  even  more  severe 
than  in  ours.  But  the  problem  is  really  the  same.  We  have  developed  an  optimized  system  in  both 
cases  and  it  will  certairdy  be  suboptimal  if  it  gets  torqued  into  something  else.  It  is  a  very  difficult 
problem,  one  that  will  require  some  pretty  iimovative  approaches. 

(Fifth  slide)  Let  me  now  make  some  observations.  I  don’t  think  it  will  stretch  your  credibility  to 
know  that  much,  if  not  most,  of  what  ARPA  is  now  doing  is  already  dual-use.  In  fact,  I  have  seen 
an  informed  estimate  that  said  a  full  80  percent  of  the  ARPA  repc^ire  is  dual-use  in  the  sense  that 
these  are  technologies  that  have  defense  application  and  a  potential  for  commercial  viability.  This 
is  not  new;  this  is  a  rather  traditional  fraction.  The  morplmg  of  DARPA  into  ARPA  really  won’t 
be  that  great  a  difference.  It  is  still  true,  for  instance,  and  I  see  no  dimiiushing  of  this,  that  our 
military  investment  will  continue  to  be  ^ven  by  military  need.  The  difference  is  that  we,  as  a 
department  and  certainly  as  an  agency,  must  now  be  mindful  of  the  existence  or  lack  of  existence 
of  a  conunercial  potenti^  because  that  will  si^al  whether  or  not  a  technology  will  be  available  to 
us  at  a  cost  that  we  can  afford.  Affordability  is  really  the  driver  here.  Affordability,  as  a  result  of 
dual-use,  is  what  is  driving  much,  if  not,  most  of  what  you  see. 

It  is  important  for  us  at  ARPA  to  continue  to  have  in  mind  the  difference  between  our 
customer  and  our  consumer.  I  am  on  the  technology  side  of  the  Agency  and  I  have  said  in  the  past 
that  my  customer  is  not  the  Department  of  Defense.  My  customer  is  industry.  My  consumer  is  the 
Department  of  Defense.  (I  can  say  that  because  my  technologies  are  more  at  the  component  level.) 
DoD  is  not  normally  in  tte  business  of  buying  a  pound  of  composites  or  a  transistor  or  two,  except 
as  spare  parts.  They  want  those  composites  and  electronics  integrated  into  systems.  In  order  for 
me  to  get  a  technology  into  a  system,  it  has  to  go  through  somebody  who’s  going  to  put  it  into  that 
system,  and  tiiat  is  why  I  say  tiiat  industiy,  you,  are  my  customer.  Only  if  I  can  get  a  technology 
inserted  into  you,  will  I  get  it  available  as  a  piece,  an  item,  that  is  going  to  be  purchasable  by  the 
Department  of  Defense.  This  is  not  a  new  idea;  only  a  re-recognition  of  that  same  idea,  and 
component  technology  seemed  to  be  easiest  to  do  this  with.  As  a  matter  over  fact,  it  is  almost  a 
square  law  where  die  difficulty  of  inserting  new  technologies  goes  as  one  over  their  size  squared. 
It  is  very  easy  to  insert  a  new  chip  with  a  new  function  (not  very  easy),  but  it  is  easy  to  insert  a 
small  clup  into  a  system  where  the  peripheral  parts  of  that  system  can  adapt  It  is  very  difficult  to 
insert  materials  technology,  for  instance,  where  the  item,  Ae  actual  thing  that  is  constructed,  is 
vay  large.  That  doesn’t  mean  we  don’t  have  to  work  at  it;  we  have  to  woik  at  it  always.  We  have 
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to  work  particularly  hard  where  technology  is  going  to  have  a  pervasive  impact.  Because  there  is 
where  you  see  cycle  times  of  seven  or  eight  years,  in  the  case  of  materials,  where  it  is  only  18 
months  in  the  case  of  microelectronics. 

What  may  be  new  to  many  of  you,  at  least  in  the  dual-use  sense,  is  a  notion  that  we 
recognize  (in  the  Department  of  Defense  and  certainly  at  ARP  A)  that  we  need  to  have  a  relationship 
with  you,  my  customer,  that  is  very  much  more  partner-like,  very  much  more  collaborative  where 
a  deal  (in  our  case  for  technology  development  or  technology  insertion)  has  every  bit  as  much  of 
our  own  self-interest  on  the  table  as  in  our  own  risk.  We  will  be  looking  to  involve  you,  the 
producer,  in  everything  we  do  in  a  bit  of  a  different  flavor.  As  you  will  see  later  in  the  TRP,  for 
instance,  that  integration  is  explicit  because,  in  fact,  you  will  be  required  to  put  up  half  the  money. 
Therefore,  your  interest  is  going  to  be  assured.  As  a  matter  of  fact,  we  are  going  to  put  you  in  a 
position  of  risk  precisely  so  that  if  a  development  “goes  south”  for  some  reason,  you  will  be 
perhaps  the  most  interested  in  terminating  an  effort  raAer  than  us  because  it  is  no  longer  serving 
your  self-interesL  We  are  going  to  depend  on  you  having  our  own  self-interest  at  heart 

(Sixth  slide)  It  is  pretty  easy  to  come  up  with  a  very  long  list  of  examples  of  dual-use 
technologies.  I  put  tl^  up  there  and  will  not  talk  about  any  of  them.  That  really  is  the  function  of 
the  rest  of  this  seminar.  In  each  case,  you  can  easily  point  to  a  defense  applicability  and  a 
commercial  viability  at  some  level.  Where  they  diverge,  then  our  partnership  must  necessarily  end, 
but  that  altitude  where  that  divergence  occurs  is  often  quite  close  to  the  marketplace; 
microelectronics,  for  example.  What  you  do  not  see  up  here  are  things  like  sporting  goods, 
kitchen  appliances  or  astronomy.  Those  are  not  dual-use  items  and  will  receive  less  emph^is  from 
the  Department  of  Defense,  llie  point  here  is  that  there  really  is  a  demarcation  and  there  is  no 
intent,  at  least  that  I  am  aware  of,  to  send  the  Department  of  Defense  into  large  commercial 
endeavors  that  are  uniquely  and  spet^cally  comment. 

(Seventh  slide)  Let  me  talk  about  the  specific  impediments  that  I  see  and  what  we  are  trying 

to  do  about  some  of  them.  This  is  a  list  of  systemic  obstacles  with  which  I  am  sure  you  are 
familiar.  I’ve  written  no  market  demand,  but  what  that  refers  to  is  something  a  little  bit  more 
specific;  it  rrfers  to  the  notion  that  we  in  the  Department  of  Defense  are  asking  you  to  do  something 
kind  of  (^cult.  We  want  just  a  few  of  an  item  and  we  don’t  want  to  pay  a  big  profit.  Normally 
what  attracts  you  to  a  business  is  to  be  able  to  do  a  little  bit  of  profit  on  a  large  volume  of  thing,  or 
a  large  amount  of  profit  on  a  few  of  the  thing.  We  are  aridng  you  to  do  neither  of  those,  and  it’s 
going  to  be  difficifit  to  keep  our  industrial  base  competent  in  many  of  the  technologies  that  we 
need.  That  induces  us  to  try  to  identify  diose  technologies  we  need  to  incorporate  that  either  have, 
or  we  can  stimulate,  a  commercial  potential.  Again,  inherently,  a  dual-use  approach,  a  bit  different 
from  previous  years. 

Unattractive  contracting  practices  are  endemic.  I  won’t  dwell  on  them.  You  heard  Gary 
talk  about  oAer  transaction  authority.  I  think  that  is  the  first  of  many  required  breakthroughs  in  the 
acquisition  system.  It  is  not  a  panacea.  There  are  situations  that  just  do  not  tolerate  this  kind  of 
new  instrument  As  a  matter  of  fact  the  law  states  quite  explicitly  diat  another  transaction  may  not 
be  used  where  a  contract  or  a  grant  is  the  appropriate  instrument  Much  discussion  over  the 
previous  couple  of  years  has  been  over  where  Aat  line  can  be  placed,  where  the  appropriateness 
goes  from  one  to  anoth^.  Nevertheless,  it  represents  a  new  opportunity  to  do  things  in  a  very  new 
way,  to  get  us  out  of  the  mindset  that  says  there  is  a  set  of  rules,  it’s  in  stone,  it’s  immutable,  and 
thmfore,  we  have  to  put  up  with  it  Where  it  makes  sense,  we  can  use  these  new  authorities  and 
you  will  see  a  greato'  pressure  to  move  in  that  direction. 
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Lack  of  capital.  The  most  frequent  complaint  I  hear  with  respect  to  the  TRP  is  that  those 
programs  do  not  take  products  far  enough  into  the  marketplace  -  that  is  exactly  right.  As  1 
mentioned,  the  Department  of  Defense  is  not  currently  in  the  venture  capital  business.  The  TRP 
can  and  should  be  used  to  alleviate  much  of  the  anxiety,  at  least  early  in  technology  development. 
Cost-sharing,  at  some  fraction,  is  a  way  to  do  that  where  much  of  the  financial  risk  and  financial 
burden  is  taken  on  by  the  Department  of  Defense  with  the  understanding  that  its  purposes  are  being 
served  as  well.  Remember:  both  at  risk,  both  with  self-interest  There  are  some  issues  that  go 
along  with  this  as  well  and  the  issue  may  be  the  percentage  of  cost-sharing  or  whether  that  cost¬ 
sharing  is  in  kind  or  not  You  know  that  within  Ae  TRP,  we  are  required  and  bound  to  enforce  a 
50  percent  cost-sharing.  We  are  allowed  to  accept,  in  kind,  contributions  as  part  of  the  cost-share, 
but  everybody  must  recognize  that  the  equality  of  that  in  kind  is  very  much  at  issue.  Again,  it  goes 
back  to  Ae  notion  that  I’m  trying  to  put  you  at  risk  in  every  interaction  so  that  you  have  as  much  to 
gain  by  a  success  as  I  do  so  I  have  your  interest  and  enthusiasm. 

(Eighth  slide)  There  are  some  sociological  obstacles,  as  well,  and  I  am  sure  that  it  is  kind  of  furmy 
for  those  of  you  with  degrees  in  sociology  to  hear  a  physicist  talk  about  sociology.  I  apologize,  I 
mean  no  offense,  but  this  is  the  kind  of  thing  that  goes  on  between  the  ears  rather  Aan  between  the 
covers  of  books  of  regulations.  Several  years  ago,  I  had  a  particular  technological  success  in  my 
office  and  it  happened  to  be  at  a  university.  I  was  very  excited  about  its  potenti^  and  met  with  the 
performer  of  the  work.  We  put  the  technology  on  a  very  large  table  and  invited  industry  to  come  in 
and  view  it,  and  they  were  equally  impressed.  At  the  end  of  the  day,  they  were  very 
congratulatory  and  I  a^ed  the  question,  “l^o’s  going  to  take  this  technology  and  do  something 
with  it?”  Everybody  sat  on  their  hands.  I  waited  a  long  time,  asked  the  question  again  and  nobody 
moved.  I  went  around  and  said,  “What’s  the  problem?  )^y  aren’t  you  taking  it?”  I  got  lots  of 
wswets:  “It's  not  developed  enough.”  ‘It’s  not  mature  enough.”  ‘It’s  too  rid^.”  ‘Tt  does  not  fit 
into  my  product  line.”  “I  dou’t  have  any  capital,  etc.”  I  went  out  with  each  company 
representative  and  bought  two  or  three  beers.  "Die  notion  was,  “OK,  come  clean.  What’s  the 
problem?”  Once  I  got  to  the  bottom  of  it,  I  found  that  the  real  reason  was  that  because  I  offered  it 
to  some  other  guys,  they  didn’t  want  it  Unless  there  is  some  exclusivity  that  goes  along  wiA  the 
deal,  it  is  very  difficult  to  get  that  technology  transfer.  It  was  a  revelation  to  me,  and  it  accounts 
for  our  iq)proach  in  the  TRP  that  we  hope  to  ^ve  die  intellectual  property  rights  to  the  poformer  so 
as  to  give  that  performer  an  interest  and  a  sta^  to  take  that  technology  and  make  it  into  a  product 

There  is  a  technology  learning  curve  -  the  bathtub  of  technology  development  -  where 
technologies  are  very  difficult  to  incorporate  because  it  is  too  hard  to  understand.  “I  have  a 
technology.  I’m  confident  in  it  I  understand  its  features,  its  nuances  and  I  just  don’t  have  time  to 
learn  about  something  new.”  There  are  ways  we  can  help  this  and  numerical  simulation  is  one  of 
those.  It  is  the  focus  of  quite  a  large  program  at  ARPA  that  helps  to  understand  the  performance  of 
new  technologies  and  new  situations  before  one  bends  any  metal  and  builds  any  systems. 
Thereby,  hopefully,  gaining  the  confidence,  the  visceral  feeling,  in  the  part  of  the  user  that  those 
technologies  can  be  inctnporated.  We  are  financing  somediing  called  “insertion  programs.”  These 
are  most  often  at  the  component  level  and  the  message  is  really  simply  this:  we  do  little 
(tevelopment  in  these  programs  in  a  technological  sense.  These  are  programs  that  are  intent  on 
getting  technologies  into  products,  even  where  the  Government  has  to  defray  the  risk  of 
incorporating  those  technologies  and  those  products.  The  first  of  these  programs  was  the  gaUium 
arsenide  insertion  program.  We  have  other  insertion  programs  in  optical-electronics,  and  in 
advanced  ceramics,  at  the  component  level  where  we  are  actually  paying  people  to  incorporate 
these  technologies  in  existing  or  planned  products. 

Tech  transfer.  Not  effective  because  of  interactions  between  institutions,  between  the  parts 
of  a  single  institution.  I  once  had  dinner  with  the  chief  scientist  of  a  large  corporation  with  a  lot  of 
divisions,  and  he  was  trying  to  make  some  transitions  between  the  various  parts  of  his  company 
and  having  almost  no  luck.  He  concluded  that  the  reason  was  because  he  had  vice  presidents.  The 
issue  is  that  when  you  have  a  vice  president  that  stands  over  a  large  sector  of  the  company,  that 
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vice  president  has,  in  his  incentive,  a  great  motivation  to  work  within  his  own  division.  There  are 
few  incentives  to  work  outside  that  division,  even  where  there  is  mutual  benefit. 
Psychological/sociological  problem.  So  he  came  up  with  a  fix:  joint  development  projects 
between  the  members  of  the  divisions  administered  by  someone  completely  out  of  the  company.  I 
asked,  “Who  do  you  get  to  do  these  things?”  and  he  said,  “University  professors.”  Now,  what  is 
wrong  with  this  picture?  A  large  company  brings  a  university  professor  in  to  run  a  project  that  is 
totally  staffed  by  members  of  that  company.  He  said,  “It  re^y  doesn’t  matter  who  comes  in  as 
long  as  that  person,  that  manager,  is  not  s^filiated  with  one  division  or  the  other.”  (Turns  out 
university  professors  work  a  litUe  cheaper.)  That  was  a  mean  by  which  he  could  broker 
technology  from  one  sector  into  another. 

We  are  trying  to  do  the  same  thing.  We  at  ARPA  are  trying  to  broker  relationships  in 
which  we  have  an  advantage  of  neutrality,  where  we  can  step  back  and  say,  “OK,  we  have  oidy  to 
gain  by  you  two  getting  together.  Let  us  help  "straighten  out  some  wrinkles’  and  ‘iron  across 
some  seams.”  I  think  we  have  been  very  successful  in  that  Certainly,  the  experiences  we  have 
had  over  the  last  two  years  are  consortia  efforts  (which  started  in  FY91  and  FY92)  and  are  very 
much  typical  in  that  sort  of  interaction.  My  prediction  when  we  got  into  that  business  was  that  the 
real  contention  was  going  to  be  between  members  of  industry  as  a  group  and  die  Government  as  a 
group.  As  it  turns  out  that  wasn’t  the  contention  at  all.  The  contention  was  between  the  members 
of  the  team  and  each  other,  and  we  could  perform  within  the  Government  the  very  definite 
brokering  role  that  we’ve  tried  to  perpetuate. 

Perceived  risk.  This  is  along  the  lines  of  an  insertion  kind  of  approach  where  we  would 
hope  to  takft  a  technology  that  has  b^n  shown  effective  at  the  fundament^  level  and  do  prototypes 
to  demonstrate  the  efficacy  of  that  technology  in  a  real-world  environment  to  identify  those 
imknown  “unknowns”  that  invariably  come  up  when  a  new  technology  comes  around. 

Those  are  the  kinds  of  innovative  approaches  I  think  you  will  see  more  of  as  time  goes  on 
and  that  we  think  are  going  to  be  very  influentiaL 


(Ninth  slide)  There  is  a  seamless  transition  from  one  to  another.  Where  one  has  to  characterize 
between  the  two  approaches,  I  would  offer,  that  this  is  a  very  simple-minded  and  misleading 
dichotomy  between  the  two.  In  the  traditional  approach,  the  potentid  for  a  technology  to  give  a 
defense  product  was  exclusive.  It  is  still  very,  v^  important,  but  we  always  have  to  keep  an  eye 
to  the  maiket,  what  tiie  market  will  sustain  and  what  the  market  will  stimulate.  In  the  old  days,  we 
used  to  do  projects  exclusively  by  contract  or  grant,  which  meant  that  the  Government  ran  the 
program  and  the  performer  delivered  what  was  in  the  contract  Now  you  are  going  to  see  very 
much  mote  a  parmership,  or  a  cooperative  air  or  atmosphere.  I  think  that  is  very  heathy.  It  will 
not  be  pervasive  and  it  shouldn’t  be.  We  are  not  going  to  change  everybody  into  this  mode  of 
business.  What  I’m  advocating  is  that  we  recognize  those  places  where  a  partnership  or  consortia 
are  effective  and  explore  those  places  rather  than  ign(»n  them. 

Risk  has  always  bee  tolerated  in  ARPA  programs  and  that  will  never  go  away.  In  dual- 
use,  however,  thoe  is  mote  than  ARPA’s  self-interest  on  the  table;  your  self-interest  is  on  the  table 
and,  as  a  partner,  you  are  going  to  be  less  tolerant  titan  we  are.  I  thi^  the  results  will  be  programs 
that,  as  a  whole,  less  risky,  simply  because  we  are  looking  for  a  real  product  to  arise  titat  you  can 
incorporate  into  your  product  line. 

I’ve  talked  about  cost-sharing  as  a  new  approach  for  incorporating  your  enthusiasms  and 
your  risk  to  the  table.  We  have  a  new  empha^  and  we  are  learning  very  fast  what  it  means  to 
have  a  product  plan.  I  did  not  put  up  a  business  plan  because  a  business  plan  has  too  much 
ovntones  of  a  purely  commercial  situation.  We  are  now  coming  to  grips  with  the  notion  that  it  is 
really  not  sufficient  to  develop  a  technology,  put  it  on  the  shelf  in  a  hardware  store  and  wait  for 


6 


system  incorporators  to  grab  all  these  technologies  and  put  them  in  a  shopping  bag.  You  come 
back  and  see  lots  of  shelves  with  a  lot  of  teclmologies  on  them.  Unless  we  are  very  active  in 
getting  these  technologies  into  products,  we  won’t  be  successful.  You  are  going  to  see  a  lot  of 
emplmis  on  that 

(Tenth  slide)  You  did  not  really  expect  me  to  come  here  and  not  talk  about  TRP  at  all.  This  is  the 
token  one  veiwgraph.  It  is  merely  meant  to  convey  to  you  that,  if  you  read  that  mission,  no  where 
in  that  mission  do  we  talk  about  defense  conversion.  We  are  tall^g  about  a  transition  from  one 
state  of  affairs  that  has  been  successful  to  another  state  of  affairs  that  I  hope  will  be  just  as 
successful.  Getting  from  here  to  there  will  require  some  effort,  hard  work  and,  in  some  cases, 
anxiety.  What  we  are  trying  to  do  is  to  stimulate  a  merger  of  the  two  industrial  bases  into  a  single 
industrial  base  capable  of  delivering  both  commercial  goods,  and  affordable  military  goods,  as  well 
as  an  enhancement  of  the  rate  at  wMch  technology  makes  its  way  into  products. 

(Eleventh  slide)  The  question  was  asked  from  someone,  what  the  relationship  was  between 
the  NIST  program  and  the  ARPA  program.  The  quality  of  this  viewgraph  is  not  very  good.  It 
was  drawn  up  by  George  Oriano,  who  is  the  Director  of  the  ATP  program.  This  is  his  view  and 
by  the  way,  my  view  of  the  relationship  to  TRP  and  all  of  the  other  tl^gs  going  on.  These  are  a 
bit  unconventional  axes.  The  lower  axis,  economic  competitiveness  (to  make  money)  all  the  way 
to  the  left,  as  an  extreme.  The  military  effectiveness  is  all  the  way  to  the  right.  Dual-use, 
therefore,  must  be  somewhere  in  the  middle.  You  can  make  up  your  own  units.  On  the  vertical 
axis,  what  we  tried  to  depict  is  the  extent  to  which  the  Government  intervenes  in  the  conduct  of  a 
program.  Obviously,  where  that  Government  leadership  is  least  then  it  is  an  industrially  driven 
program.  Where  the  Government  is  interested  most  is  at  the  top,  and  in  the  middle  somewhere  are 
these  partnerships  and  consortia  that  I  have  been  talking  about. 

The  traditional  DoD  tech  base,  and  I  include  ARPA  in  much  of  that,  is  in  the  far  right 
comer.  That  is  clearly  the  Government  interested  in  providing  for  technologies  for  products  that 
the  Government  will  buy.  The  chief  discriminate  is  military  effectiveness,  all  the  way  to  the  right 
ATP  puts  itself  in  the  lower  left  comer,  where  the  leadership  will  come  exclusively,  if  not 
piims^y,  from  industry  itself,  and  economic  competitiveness  (making  money)  is  very  much  the 
issue.  TUs  is  the  way  they  see  themselves.  They  do  not  see  themselves  in  the  center  of  that 
view^aph.  That’s  the  point  I  want  to  make  here.  NSF  is  now  emerging  into  engineering 
prominence.  They  see  themselves  perhaps  at  a  more  basic  level  where  industry  is  expanded  to 
include  academia.  But  they  see  themselves  very  applied,  nevertheless,  and  very  much  in  line  with 
the  President’s  notion  of  economic  competitiveness.  NASA  and  DOE  are  both  mission  agencies. 
Of  course,  they  have  to  work  with  industry  because  the  benefit  of  those  missions,  since  it’s  not  in 
the  constitution,  is  a  little  mote  broad  and  difficult  to  define. 

The  TRP  program  is  that  which  we  hope  will  connect  all  of  those  together.  It  has  the 
breadth  that  it  can  span  those  two  areas  and  moves  into  spin-on  technologies  up  at  the  top  right  and 
spin-off  technologies  in  the  lower  left  That’s  a  pretty  tall  order  and  I  guess  I  would,  had  I  been 
drawing  this  chart,  have  made  the  bubbles  bigger  so  that  the  TRP  bubble  could  be  smaller. 
Nevertheless,  this  is  the  way  NIST  and  the  test  of  the  TRP  see  our  mission  in  the  new  scheme  of 
things.  I  dunk  there  is  a  message  there,  and  that  message  is:  We’re  doing  things  in  new  ways,  we 
have  new  tools,  we’re  going  towards  new  goals  and  we’re  interested  in  doing  things  that  make 
sense  and  involve  industry  and  defense  as  equal  partners  against  an  equally  thi^tening  mission. 
With  tiiat,  I  iq^teciate  your  attention  and  I  would  welcome  you  to  join  us  for  lunch. 
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o  Two  Distinct  industrial  Bases 
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Goal:  Leverage  Commercial  Markets 
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Many  systems  and  platforms  required  by  DoD  have  analogs  in  the  commercial  world.  For  example,  ships,  aircraft  and  land  vehicles  are 
needed  by  civilians  as  well  as  by  the  military.  While  there  are  major  differences  in  the  performance  requirements  of  the  top  level 
platforms,  when  these  platforms  are  decomposed  into  subsystems,  common  components  may  be  identified.  Where  common 
components  exist,  opportunities  for  dual  acquisition  exist.  Where  specialized  components  are  required,  advanced  engineering, 
manufacturing  and  communication  technologies  enable  opportunities  for  dual-use  design  and  manufacturing  capabilities. 


S&T  Thrust  7 

Technology  For  Affordability 


ARPAAFF  004-93 


U  c/> 

E  « 

C3  60 

=  •1 
a  § 

JS 
a  o 

s  a 
</>  60 
—  •«Hi 

M  K 
M  O 

c  -O 
u  c 

E  « 

a  ^ 
‘Iff 
a  I 

U  4j 


«  .2 
<J  'S 

9 

S  u 

8“l 

“■  c 

.5  .£ 

2  g 

^  "3 

e 

i-S 

•B  Sj 

60  0 

s  1 

^  '3 

*5  & 

a*  a 

aT  a> 

S'  « 

•-  go 

>  (9 
1*0 
!••= 

0  § 

u  -g 

e  js 

i  *2 

w  w 

i  1 
!■  = 

0  _g 

V)  :5 

it 

8  J 

c  o 
u  — ' 

>  c 
O  O 

>  -a  •z! 
=  S  - 
?  c  S. 

1  .2^ 

60  -H  SJ 

•E  «  ? 

E  E  o 

005 

O  O 

3^0, 
C  c. 

g  -a  « 
C  u  u 

•a  «  c 

2  ■= 

^  o  c 

2  E  Z 

>  ,  a 
O  o  .3 

•  60  Q. 

7  C  (3 

o  «  O 

O  “  »< 

2«'r 

«  g  ^ 

r-.  O  C 

o  —  a 

U  C3  J. 
^  N  «» 

—  'c  a 
'm  S)  = 

2  o  5 

«  j=  . 

£  s  S 

><  2  Z 

^  t-  > 

00  O 

«  a  « 

^  a  - 

»  u  u 

2  I 

C  5  e 

60  0:  .5 
•5  ,S  U 
■o  c  = 

■s|'^ 

i  i  5 


ll 


V  ** 

^  f 


Where  Are  We  Headed? 
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DoD’s  Technology  for  Affordability  program  encompasses  all  manufacturing  technologies  that  bear  on  creation  of  affordable  defense 
systems.  ARPA  is  responsible  for  the  investment  of  approximately  70%  percent  of  DoD  outlays  in  technology  for  affordability.  ARPA 
programs  cover  advances  in  design  and  manufacturing  technologies  and  advances  in  integration  of  technologies  required  for  improved 
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Radar  Transmit/Receive  Modules 
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The  costs  of  infra-retl  focal  plane  arrays  have  been  driven  down  dramatically  in  the  last  few  years,  but  further  cost  reductions  arc 
required.  Prior  efforts  reduced  unit  cost  through  careful,  continuous  tuning  of  process  parameters  of  the  manufacturing  process.  Two 
major  problems  have  been  encountered  in  manufacture  of  IRFPAs.  First  is  the  history  of  stalling  over  again  each  time  a  new  IRFPA 
design  is  required.  Second  is  the  significant  cost  of  capital  that  must  be  amortized  over  the  low  production  volume  associated  with 
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Significant  commerciai  potentiai  for  toois  and  processes 


The  Technology  for  Affordability  initiative  seeks  to  equip  American  industry  with  new  methods  and  tools  that  should  permit  it  to  com¬ 
pete  more  successfully  in  commercial  markets  while  suppoiling  defense  requirements.  Commitment  to  integrated  product/process 
design  (IPPD)  methods,  with  its  emphasis  on  multi-functional  design  teams,  gives  companies  and  enterprises  the  means  of  addressing 
product  requirements  and  issues  affecting  quality  early  in  product  development,  and  the  means  of  avoiding  costly  redesign  and  rework. 
IPPD  emphasis  on  the  design  of  manufacturing  processes  concuiTcnt  with  the  design  of  the  product  allows  companies  to  address  issues 
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!•  IliriOYfttlYg  ARP A  Tpclmolofiics  OWECTOnATE  for  freedom  of  infofimatiok 

Welcome,  today  I  would  like  to  tell  you  about  some 

ARPA  has  developed  and  is  looking  forward  to  developing  over  the  next  5  to  10 
years. 


2.  ARPA  Megatrends 

The  last  5  years  has  seen  many  changes  at  ARPA  starting  with  the  change  from 
DARPA  to  ARPA.  We  have  become  an  agency  where  we  are  concerned  not  just 
about  the  traditional  DoD  need  to  have  higher  performance  but  to  have  that 
performance  affordable.  We  have  changed  from  being  DoD  driven  to  dual  use 
driven  We  have  changed  from  being  simply  cognizant  of  the  market  to  being 
much  closer  to  the  commercial  markets.  We  have,  over  the  last  5  years,  seen  a 
large  increase  to  internal  cooperation  with  larger  programs  that  span  many 
offices,  such  as  the  electronic  packaging  program  and  high  performance  comput¬ 
ing.  In  the  future  we  are  looking  forward  to  more  inter-agency  cooperation  where 
we  have  cooperation  between  ARPA  and  DOE,  ARPA  and  NIST,  etc..  We  have 
seen  a  change  from  simply  the  use  of  contracts  for  goods  and  services  under  the 
Federal  Acquisition  Regulations  to  the  start  of  a  new  R&D  acqmsition  process  that 
uses  the  ARPA  authorities  for  “agreements”  and  “other  transactions”. 


3.  Tlie  ARPA  mission 

The  ARPA  mission  is  to  change  people’s  minds  as  to  what  is  possible.  It  used  to 
be  that  ARPA  change  people’s  minds  by  simply  producing  a  new  product  that 
nobody  had  ever  seen  before,  like  an  airplane  that  nobody  could  see.  Today, 
however,  if  we  were  to  develop  the  first  stealthy  aircraft,  people  would  ask 
embarrassing  questions  like  can  we  afford  it?  can  we  maintain  it?  can  we 
manufacture  it?  So  today,  in  order  to  change  people’s  minds  as  to  what  is 


possible,  we  have  to  not  only  produce  one  of  the  products,  but  show  that  it  is 
manufacturable  and  affordable. 


The  ARPA  core  competencies  are  information  technology,  electronics,  and 
materials.  I  will,  in  the  next  part  of  the  presentation,  go  over  where  ARPA  is 
going  in  each  of  these  major  core  competencies.  Well  start  with  information 
technologies.  The  new  thrust  in  information  technology  is  national  information 
infrastructure  (Nil)  which  Duane  Adams  talked  about  earlier  today.  Issues  in 
network  architecture  have  to  do  with  scaling  the  number  of  users  the  number  of 
nodes  by  over  100-fold,  riding  the  wave  of  analog  to  digital  conversion  in  TV  and 
police  and  emergency  civilian  radio  and  new  economies  of  scale  for  digital 
transmission  by  the  radio  waves  the  first  and  last  mile.  We  will,  of  course, 
continue  to  transmit  voice  and  electronic  mail  data,  but  there  will  be  increasing 
emphasis  on  maps,  images,  and  video.  And  in  order  to  cope  with  all  the  informa¬ 
tion  on  the  national  information  infrastructure,  well  need  intelligent  systems  for 
finding  information,  for  finding  people  and  for  finding  things  on  the  Nil.  Well 
also  be  applying  the  Nil  to  education  and  training. 


There  will  be  many  new  information  technology  functions  needed  in  the  future. 
Human  computer  interactions  will  be  increasingly  important  to  match  the 
resources  of  the  Nil  and  high  performance  computing  to  hmnan  beings.  This 
means  speech,  writing,  gestures,  pictures  and  even  tactile  displays;  and  the 
software  that  brings  all  these  things  together  in  multi-modal  computer  interac¬ 
tion  with  human  beings.  There  will  be  an  increased  emphasis  on  associate 
systems.  In  the  past,  ARPA  did  a  few  programs  to  develop  associates  such  as  Pilot 
Associate.  We  will  see  increasing  demand  for  such  associate  systems  to  try  to 
generalize  on  some  of  the  knowledge  we've  developed  in  the  past.  Intelligence 
i^stem  environments  will  help  people  work  on  problems  such  as  image  or 
understanding  speech  or  planning.  There  will  be  increased  emphasis  on 


distributed  collaborative  problem  solving.  Getting  teams  of  people  from  around 
the  world  focused  on  a  common  problem  and  of  course  the  perennial  problem  of 
software.  We're  moving  to  a  model  of  software  that  says  software  isn't  designed 
once  and  for  all  but  is  a  continuing  evolving  system.  We  want  to  rapidly  and 
continually  evolve  software  systems  and  that  means  additional  work  on  methodol¬ 
ogies  and  tools  for  heterogeneous  software  systems  composed  of  many  different 
subsystems  with  intelligent  docximentation.  Documentation  has  always  been  a 
problem  in  software.  We'd  like  to  automatically  generate  dociunentation. 

Domain  specific  software  architectures  have  seen  some  work  at  ARPA  already 
and  are  supporting  domain  specific  software  architectures,  reuse,  digital 
libraries,  domain  specific  software  architectures,  and  many  other  tecliixologies 
for  moving  from  a  model  of  software  programming  to  a  model  of  software  con¬ 
struction.  Information  technology  problems  in  the  future  have  to  deal  with  the 
vast  quantities  of  information  that  will  be  available.  This  information  will  be 
distributed,  it  will  be  heterogeneous,  it  will  be  multi-modal,  it  will  be  old  software, 
there  will  be  new  software,  and  we  will  be  looking  at  information  brought  in  from 
many  many  different  sensors. 

6.  Igterfynnifia  Technology  Growth  Areas  at  ARPA 

EHectronics  has  grown  over  the  last  decade  from  investment  of  a  few  tens  of 
millions  to  an  investment  of  a  few  hundreds  of  millions  of  dollars.  We  expect  to 
see  an  increased  emphasis  on  electronic  packaging  and  interconnect.  Today  that 
program  is  focused  on  the  miiltichip  module  level.  Tomorrow  we  it  expect  to  be 
focused  on  higher  levels  of  assembly.  We  also  expect  our  high  speed  digital 
program  and  microwave  millimeter  wave  program  to  begin  to  merge.  Also, 
optics  begin  to  merge  with  this  so  that  we  have  digital,  we  have  analog,  we  have 
(^tical,  we  have  microwave  to  millimeter  wave,  we  have  microelectromechanical 
systems  and  we  have  mixtures  of  all  of  these.  The  electronic  packaging  and 
interooimect  problem  of  the  future  will  be  driven  by  the  performance  and  by  form 
factor.  Form  factors  are  an  increasingly  important  parameter.  We're  looking  for 
affordable,  scalable,  and  flexible,  manufacturing  of  electronics.  I  will  talk  more 
about  manufacturing  a  little  later  in  the  presentation.  We're  going  to  see  an 


increase  in  emphases  on  microelectromechanical  systems. 
Microelectromechanical  systems  are  the  small  microsensors  and  microactuators 
that  allow  microelectronic  systems,  not  just  to  compute,  but  to  sense  and  affect  the 
environment  aroimd  them.  We  expect  to  see  a  large  increase  in  the  microelec¬ 
tromechanical  systems  program  at  ARPA  over  the  next  few  years.  With  the 
increasing  thrust  at  ARPA  in  mobile  electronics  systems,  electronics  for  low 
power  will  be  receiving  increased  emphasis  at  ARPA,  from  the  device  level  to 
batteries  to  system  architectures. 


7.  Materials  Technology  Growth  Areas  at  ARPA 

There's  an  interest  in  exploring  hardware  architectures  to  relieve  software 
bottlenecks;  artificial  neural  networks  are  an  example  of  hardware  technology 
that  tries  to  make  a  software  problem  easier  by  building  a  hardware  architecture 
that  supports  learning.  Flexible  manufacturing  of  affordable  infrared  focal  plane 
arrays  and  the  rapid  development  of  application  specific  signal  processors  are 
new  thrusts  in  technology  for  affordability.  In  coi^unction  with  ARPA's  work  on 
national  information  infrastructure  we  expect  ARPA  to  again  get  heavily  into 
wireless  communication  as  an  extension  of  our  work  on  distributed  mobile 
information  systems.  ARPA  has  had  considerable  work  in  the  past  on  photonic 
interconnect;  the  new  thrust  will  try  to  make  that  photonic  interconnect  more 
affordable,  more  accessible,  more  usable  systems.  Finally,  we  will  continue  to 
press  on  developing  new  device  technologies—device  technologies  that  emphasis 
room  temperature  operations  because  we  \mderstand  that  most  mobile  systems  of 
course  work  at  room  temperatiure. 


g.  MftniiftM^riniif 

In  the  materials  technology  area,  we're  looking  at  increased  growth  in  applica¬ 
tion-driven  materials  programs.  The  idea  will  not  simply  be  one  of  trying  to  make 
the  best  materials  but  trying  to  make  those  materials  in  ways  that  are  tightly 
coupled  to  customer  programs  for  those  materials.  We  are  looking  to  make  those 
materials  affordable  both  in  terms  of  the  materials  themselves  and  the  way  those 
materials  are  formed  into  structures.  We're  looking  for  synergy  between  our 
materials  program  and  electronics  programs.  Materials  for  electronics  is  an 


important  area  and  smart  materials  is  an  area  materials  program  overlaps  with 
the  microelectromechanical  system  program.  Rapid  prototyping  is  a  theme  for 
materials  as  it  is  for  electronics  and  information  systems.  More  on  that  later. 

The  materials  program  is  closely  coordinated  with  the  FCCSET  process  (Federal 
Coordination  Council  for  Science,  Engineering  and  Technology),  where  ARPA  is 
involved  in  the  advsmced  materials  and  processing  initiative. 

9.  ARPA*s  New  Focus  on  Process  is  Synergistic  With  Qur_  FWWS  OR  PhsI  Usg 
Manufacturing  efforts  at  ARPA  have  grown  from  almost  nothing  a  decade  ago  to 
over  a  third  of  the  ARPA  budget.  The  agency  seeks  to  integrate  the  product  and 
process  at  the  R&D  stage.  This  new  focus  on  process  is  synergistic  with  our  new 
focus  on  dual  use  because  processes,  especially  at  the  systems  level,  are  more 
dual  use  than  products. 


10.  Manufacturing  Growth  Areas  atARPA 

Over  the  next  decade  we  expect  the  ARPA  programs  in  manufacturing  to  push 
affordability,  to  push  rapid  manufacturing  learning,  flexible  manufacturing, 
scalable  manufacturing  (in  the  sense  that  we  want  to  build  small  factories  that 
affordable  and  that  can  be  scaled  into  large  factories  that  are  affordable).  Synthe¬ 
sis  and  simulation  is  often  used  in  electronics  and  is  often  used  in  software;  we 
will  be  extending  those  concepts  to  more  and  more  complicated  processes  in 
manufacturing  areas.  In  Order  to  make  processes  very  flexible,  very  changeable, 
there  has  to  be  tight  feedback  between  what  the  manufacturing  equipment  is 
doing  and  what  it  is  that  one  wants  and  what  is  simulated  and  synthesized. 
That’s  where  sensor  based  manufacturing  oimes  in.  It  will  be  an  application 
area  for  the  affordable  microsensors  and  microactuators  I  talked  about  earlier. 
Well  be  driving  manufacturing  from  the  processor  oriented  manufacturing  we 
have  today  to  assembly  oriented  manufacturing  and  manufacturing  at  higher 
levels  of  assembly,  for  instances  mechanical  assemblies  or  electromechanical 
assemblies.  We  will  try  to  exploit  synergy  between  manufacturing  and  national 
information  infrastmcture  and  between  manufacturing  and  high  performance 


computing  and  try  to  deploy  those  resources  on  the  manufacturing  problem.  I've 
already  mentioned  microelectromechanical  systems  which  those  are  exciting  in 
that  they  are  not  just  a  new  set  of  devices  but  a  new  way  of  making  those  devices. 
Last,  but  certainly  not  least,  we're  seeing  a  hugh  increase  in  environmentally 
conscious  design  and  manufacture. 


1 1  jT*  •  ’dvil  Vi  •  jTi 


The  rapid  prototyping  theme  is  expanding  with  the  recognition  of  the  role  that 
rapid  prototyping  plays  in  rapid  learning.  Prototyping  technology  is  spreading 
from  pioneering  work  done  in  the  early  80s  microsystems,  such  as  the  MOSIS 
system,  to  rapid  prototyping  of  everything,  including  software  languages  for 
software  prototyping,  prototyping  of  signal  processors,  (the  RASSP  program),  a 
multichip  modules  extension  to  in  MOSIS  semiconnector  processes  prototyping, 
electromechanical  part  prototyping,  optoelectronic  integrated  circuit  prototyping, 
and  solid  freeform  manufacturing  of  a  variety  of  sorts. 


12.  rd>iidiision 

Let  me  end  by  specxilating  a  little  bit  about  the  future  in  terms  of  core  competen¬ 
cies.  I  mentioned  information  technology,  electronics,  and  materials  as  ARPA's 
core  competencies.  Any  organization  has  to  think  about  what  core  competencies 
they  are  developing  for  the  future  and  my  speculation  as  to  where  ARPA  might  be 
gmng  as  far  as  new  core  competencies  would  be  to  try  to  develop  a  significant  core 
competencies  in  medicine  and  biology. 


Thank  you  very  much. 


Performance  Performance  and  Affordability 
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The  ARPA  Mission 
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Today,  this  requires  showing  that  a  new  idea  is  aiso 
manufacturabie  and  affordabie. 
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Human-computer  interaction  (via  speech,  writing, 
gestures,  pictures,  tactile,  etc.) 
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the  Federal  Coordinating  Council  for 
Science,  Engineering  and  Technology 
(FCCSET) 


Manufacturing  efforts  at  ARPA 
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ARPA‘s  new  focus  on  Process 
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Microelectromechanical  Systems  Manufacturing 
Environmentally  conscious  design  and  manufacturing 


O)  O) 
C  c 


11 

o  x 

a" 

■1  £ 
Q.  0) 

(0  JZ 
CCh- 


»  £  0)0) 
S'S  c  c 
{?«&«■? 


c  >. 
o)^  ■§  5 

■q.2  q.® 

^S-w  o 
o  **  E  o) 

o  .12  ®  .£ 

aas.|: 

3  0  8S 

2  CO  2 

..  i£i  C! 

%  O  C  ^ 

®  S  c- 

®  ♦-  o  Q- 
o  iS 

®ap  ® 

£  £ 

^  O  0)0 
o  "S  c 
e  2's:  ® 
o  o.®S 

s  ®  5S  o> 

•=  o)  c  2  c 
c  c  o  -.g 

o  £  '5.^  1 
o  «  2  o 

®  ®  £  C  C 


U) 

c 

mmm 

£ 

a. 

(0 

o 

o 

o 

a 

a 

Q. 

o 

(/> 

CO 

CO 

< 

CD 

oc 

o 

(0 

3 

Q 

Jd 

D> 

Wk 

c 

(0 

■ 

O) 

■ 

"" 

CD 

O) 

CO 

c 

2 

o 

T3 

o 

3 

3 

CO 

"O 

#% 

CO 

o 

c 

■Mi 

o 

o 

E 

o 

o 

s 

a 

■iM 

C 

(5 

o 

75 

c 

o 

o 

D> 

■■■■ 

CD 

CO 

CO 

CD 

w 

o 

CO  j2 
(0  t: 
0)  (0 
o  a 
o  — 

a  o 


E  o 

i  0) 

CO  o 


optoelectronic  integrated  circuits  (OEiCs) 
soiid  free-form  manufacturing 
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II-C  Future  Military  Technologies 

Mr.  Ronald  D.  Murphy 


Ilic  Cold  War  has  ended  and  DoD  is  entering  a  new  era  which  is  complex  and  uncertain.  Traditional  mission 
structures  are  changing  and  our  forces  must  leant  to  operate  in  new  and  creative  ways  with  smaller  forces  and 
reduced  infrastructure,  'rhe.se  new  forces  must  be  affordable  and  developed  within  an  industrial  base  that  is 
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of  conflict.  The  ARPA  vision  is  to  develop  innovative  and  affordable  technologies  and  concepts  that  fnrllicr  llic 
attainment  of  thc.se  goals  for  our  future  forces. 
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worldwide  and  sustainability  in  distant  deployments  to  compensate  for  reduced  numbers  and  infrastructure  assets; 

•  Foaes  must  be  supported  by  a  research  and  industrial  base  that  provides  generational  dominance  in  advanced  miliitu-y 
technologies  while  enabling  the  acquisition  of  systems  that  are  affordable  in  the  required  numbers. 

In  the  main,  this  defines  the  challenge  for  technology  development  over  the  next  decade. 
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ARPA  has  historically  developed  advanced  technologies  and  high  performance  systems  that  produced  orders  of 
magnitude  improvements  in  performance  with  life  cycle  cost  implications  being  of  secondary  consideration. 
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AFFORDABLE-EFFECTIVE  MILITARY  CAPABILITY 


Training  and  readiness  are  areas  of  vital  interest  to  all  elements  of  the  Department  of  Defense.  Our  experience 
in  mobilizing  for  Desert  Storm  taught  us  that  not  all  units  achieve  full  operational  readiness  with  equal  ease. 


TRAINING  AND  READINESS 
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VG  7  -  Army  National  Guard 

The  goal  of  ihe  Army  National  Guard  program  is  to  develop  an  experimental  system  that  will  yield  a  200  to 
300%  increase  in  Reserve  training  efficiency.  Since  nearly  one-half  of  our  land  combat  power  is  provided  by 
the  Reserves,  such  a  dramatic  improvement  will  greatly  enhance  our  readiness  for  the  future. 
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RECONF. 


The  number  one  challenge  to  ultimately  ensure  our  national  security  has  been  cited  by  Secretary  of  Defense 
Aspin  as  “Preserving  the  readiness  of  our  armed  forces  to  ensure  the  ability  to  quickly  reach  and  successfully 
confront  regional  threats.”  As  forward  deployment  is  replaced  by  the  concept  of  forward  presence,  the 
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Heavy  forces  are  survivable  but  take  too  long  to  deploy.  Light  forces  are  rapidly  deployable  but  less  survivable. 
The  goal  of  the  Light  Contingency  Vehicle  (LCV)  program  is  to  develop  the  technologies  to  enable  survivable 
light-weight  lethal  forces  that  can  be  sustained  in  half  the  time  with  half  the  transport  assets.  The  LCV  program 


c 

c/s 


O. 

X) 

CQ 

O 

■5. 

V 

*0 

C3 

O 

^  IB 
a  <u 
to  > 

(O 

4=  ^ 

•SP  O 

O  (J 

•  « 

•£  -c 

.2?  « 

I  § 

I  i 
^  < 
•o  a 

«  I 

,  .5  **- 
'  o 

I 

I  rs 

^  c 


o 

CJ 

c/s 

C 

s 


O 

C3 

k< 

c2 

</: 

.Si 

’cb 

o 

c 

x: 

u 

V 

00 

c 

o 


u 

x: 

00 

_c 

ka 

V 

.”2 

c 

o 

u 


c 

ha 

3 

u 

2 

ea 

a> 


o 

k. 

C® 

L. 

CX 


!/S 

3 

o 

o 

3 

3 

3 

Ui 

’> 


a> 

E 

o 

CO 

3 


c 

E 


c 

.00 

'S 


o 

C/S 


3 

P 


vs 

•  — 

— 

35 

w 

■"* 

u. 

a. 

•y. 

\r. 

0 

5 

> 

c 

•o 

c 

3 

c 

0 

£ 

0 

k- 

,A 

"3 

&> 

0 

3 

■J-, 

5 

_= 

3 

0 

> 

."3 

u 

CO 

k* 

3 

X; 

u. 

"> 

3 

CU 

E 

w 

3 

1) 

V- 

C3 

c 

0 

ij 

X 

-  >» 

■3 

>» 

3 

Sl 

C  .3 

kw 

•  M 

■y. 

0  .3 

'3 

-r, 

A 

3 

3 

O  3 

u  a. 
■“  3 


-  o 


3 
r* 

C 
u. 

4> 

•£  c« 


u 
•o 

o  E 
CO  I 

2  « 
CO 


I  § 

is 

c  « 

o  « 

w  w 

3  .0 

ft 

c2  « 
^  > 
to  O 

3  O. 

t  £ 

3  •— 

o  £ 

cc 

C  ^ 

^  5 

CO 

u 
o 

3 
> 

•o 

3 


•3 

C 

3 


O. 

o 

u 


&> 

x: 


E 

3 

u 

3 

u. 

c 

E 

o 

u 


c 

E 


■y. 

C 


:x 


■y. 

5ft 

vs 


.0 

"v: 

C 

v: 


;/: 

3 


i)  9  .2i 
2  ^  = 
>  ^ 


^  e. 
—  O 

y  w 
u  c 

£ 

II 

“  -o 
Cl-  £ 

£  >. 
5  £ 

i< 

gl 

CO 

.=  .0 


vs  2; 


O 

cx 

vs 


CO 

3 


vs 

o 


■3 

3 


3 

0 

•a. 

SJ 

u 

Z 

c 

35 

c 

X 

3 

> 

£• 

3 

•3 

C 

3 

0 

.CO 

ka 

r- 

a> 

5ft 

0 

3 

•A 

r~ 

3 

0 

u. 

E 

c 

> 

3 

CJ 

• 

• 

co 

u. 

X 

> 


ADVANCED  SHORT  TAKEOFF,  VERTICAL  LANDING 
(ASTOVL)  TECHNOLOGY  DEMONSTRATION 
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The  CAMEO  program  will  integrate  advanced  optical  and  vsensor  technologies  to  demonstrate  and  space-qualify  a 
new,  lightweight  multispectral  remote  sensing  small  satellite.  The  program  offers  an  important  two-fold 
opportunity:  (1 )  to  demonstrate  technology  that  simultaneously  addresses  critical  civil  and  DoD  needs;  and  (2)  to 
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V(iII3  -  Multiple  Sensor  Target  Recogiiilioii  System  (MUSTRS) 
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We  arc  also  investigating  the  next  generation  capability  beyond  MUSTRS  in  our  interferometric  syntheti 
aperture  radar  (IFSAR)  program. 
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VG  15  -  Ultra-Wideband  Radar 
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VG  16  -  Unmanned  Undersea  Vehicle 
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VG  17  -  Campaign  Planning 

Beyond  our  programs  to  develop  and  demonstrate  military  hardware,  we  are  also  investing  in  several  innovative 
software  systems. 
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AND  MESSAGE  HANDLING 
SYSTEMS 


The  battlefield  is  the  ultimate  essence  of  war  and  is  the  most  unpredictable.  Improving  battle  management  offers 
probably  the  biggest  force  multiplier.  To  quote  General  Norman  Schwarzkopf,  “the  analysts  write  about  war  as 
if  it’s  a  ballet,  like  it’s  choreographed  ahead  of  time,  and  when  the  orchestra  strikes  up  and  starts  to  play. 


BATTLEFIELD  MANAGEMENT 
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As  I  mentioned  earlier,  affordability  is  the  operative  word  across  all  of  the  dimensions  that  I  have  discussed. 
Unfortunately.  DoD  historical  data  and  conventional  wisdom  show  that  the  majority  of  the  total  life  cycle  costs  of 
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VG  21  •  Advanced  Distributed  Simulations 
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BOSNIA  SOMALIA  HOMESTEAD,  FL  KOREA  (WMD) 
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Integrated  Product  and  Process  Development  (IPPD)  is  the  bringing  together  of  all  constituent  elements  that 
affect  the  cost  and  performance  of  a  system  as  early  as  possible  in  the  acquisition  process.  This  enables 


2 

3 


c/: 

C3 

5/5 

P 

r* 

3 

*c3 

5/: 

2^ 

v: 

C 

(/: 

VMM 

u 

cd 

3 

(U 

t/T 

oV 

P 

o 

S 

(A 

<u 

ts 

b. 

> 

O 

Ua 

•  wa 

*3 

u. 

3 

p 

w 

p. 

•  3 

p. 

3 

S 

5/5 

o 

£ 

■3 

£ 

3 

y 

3 

X 

•a 

y. 

c 

i_ 

3 

cd 

P 

3 

c/: 

U 

o 

OC 

(A 

>_ 

y 

p 

y 

3 

0) 

p 

D. 

o 

2 

y 

X 

£ 

p. 

60 

u_ 

P 

o 

.£ 

*u! 

3 

CO 

3 

2 

60 

u 

c 

2 

y 

X 

3 

2 

£ 

bn 

3 

y 

X 

y 

y 

X 

y 

X 

£ 

£ 

"3 

2 

y 

c 

Clj 

t? 

3 

o 

bn 

y> 

a. 

k. 

3 

y 

P 

X 

3 

C 

4vl 

P 

3 

> 

b. 

3 

c 

y 

Cl. 

y 

E 

p 

•3 

w 

5/: 

3 

O 

y. 

bn 

Lm 

•  n 

y 

y 

o 

> 

o 

y 

"3 

y 

C 

<1  ) 

60 

c 

e 

'£ 

o 

3 

y 

S 

a 

p 

5 

•o 

o 

u 

3 

(A 

H. 


Q  = 
0-  15 

Cl. 

CJ 

P  y 


■y. 


,■  a 


ii 

y  ■<  c 
y  CJ  ^ 
x:  ,  y 

|S.  * 

y  ^  y 

t 

c  u  .i: 

—  rJ  O 
^  —  > 
o  —  > 


^  •=  -3 
X  y  5 
P  y  '' 


JJ 

CQ 

C 

o 

f3 


-S  CO  3 


y  $ 
"3  p 
O  t 


3  y 


3  = 

W. 


y 

> 


CO 

Q 

< 


3 

Ou 

B 

o 

u 


y 


c 

o 

3 

E 

OTi 

*3 

y 


3 


y 

y. 


y 

_cp 

■p 

_y 

$ 

o 


3 

X 

y 

y 

,3 

t: 

y 


y  2  C 


^  TT 


—  ^ 
x  ,3  ""  y 

y.  B  M  -- 

Q  y  -  y 


y 

e  >' 
3  SO 

>  X 


V. 


c  '3  y 


O 

^  .9- 
••=  X  o  .9 


^  o 
•X  •£  > 


c  y 
D  £ 


X  V 


y. 


y 

y 


^  X 

5  ^ 

w 

c  c 

y 

2  E 
>>  o 

CO  ■ 

_o 

■p 

c 

X 
y 
y 


y 

> 

y 


•2  S5 
rc  > 
•O  — 


li«  ^ 

3  -<  >. 

y  X 
ci>  3: 
3  X 
rt 


y. 

y 


P  .='■ 


y 

to 

c 

X 

CO 


X 

y 

X 

y 

y 

X 


3  ^  X 


-  -F 

p-  ? 

y 

so  ^ 
3  y 

II 


y  "zz 
2  y 


—  3 

to  ^ 


=  SO 
^ 

>  3  -3 

3  3 

3  :£ 


<  -P 

^  W) 

^  s 

O  2 

Z  X 


■5  3 

'5  5 


_3 

CO 


y 

y 


y 


y 

N 


“  y 

3  i- 
£  p 

“  CO 

y  _o 

3  P 
X-  3 

•c  X 

c  r,. 


y 

y 


CO 

*3 

£i 

y 

y 

nn 

nn 

3 

o 

b. 

c 

Ua 

3 

A 

*an 

c 

p 

3 

> 

■3 

< 

to 

* 

u. 

o 

.c 

-c 

ka 

*  w 

3 

>< 

1) 

> 

3 

w 

3 

o 

“p 

X 

•  J 

^3 

'n- 

y 

•2  to 
3  — 

y  _o 
so  3 

ix  y 
■£  c 


y  3 


•“•  p. 


3  ^ 

3  y 

to  ■£ 

.3  X 
"3  y 


y 

> 

_y 

y 

X 

X 

y 

y 


P- 

X  Cu  D. 


to 


ti; 

OC 

c 

O 

3 

.... 

bn 

ba 

y 

o 

3 

'H 

'iM 

■3 

3 

P 

k. 

P 

o 

3 

"3 

a 

v: 

:/5 

y 

p 

X 

2 

<*■ 

C 

o 

1 

CO 

bn 

f— 1 

y 

o- 

3 

O 

y. 

>  M 

3 

CJ 

j- 

u. 

o 

"3 

tf. 

> 

O 

n3 

O 

ba 

k. 

3 

.2 

y 

y 

<£ 

3 

’so  < 

3 

r* 

C 

nnn 

E 

X 

3 

"3 

CD 

y 

y 

a 

X 

X 

>> 

CO 

■3 

'C 

X 

-3 

y 

y 

2 

» 

5 

■3 

nn 

X 

y 

> 

cc 

y 

X 

22 

< 

X 

3 

> 

bn 

3 

,o 

y 

< 

3 

X 

60 

y 

3 

na# 

P 

"5 

y 

baa 

X 

3 

f* 

kk 

•3 

CO 

X 

y 

•3 

y 

3 

P 

3 

y 

u 

£ 

3 

_x 

y 

_y 

*  4^ 

ba 

P 

y. 

y 

> 

£ 

5 

"3 

X 

35 

CO 

y 

3 

y 

P 

y 

E 

r“ 

3 

P 

> 

« 

P 

y 

_P 

< 

00 

y 

3 

> 

rs 

y 

r- 

*3 

y 

■X 

3 

y 

X 

y 

X 

X 

y 

y 

cc 

§ 

X 

13 

o 

k. 

F- 

•3 

P 

o 

> 


affordability”  in  quantifiable  and  measurable  terms. 
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Infomiation  Technology  at  ARPA: 

The  ARPA  emphasis  on  Information  Technology  is  driven  by  several  DoD  needs: 

*  Affordability — Simulation  plays  an  important  role  in  reducing  costs  in  both  training  and 
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Technology  TVends: 

Three  of  the  curves  on  this  chart  show  that  semiconductor  and  computer  hardware  continue  to 
advance  at  an  exponential  rate,  with  the  relative  cost  of  computing  benefiting  from  these  trends. 
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the  architecture  of  the  system. 
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with  others  from  anywhere. 

Open  Systems — By  moving  to  an  infrastructure  in  which  a  great  number  of  resources  are 
combined,  there  will  be  greater  pressure  to  identify  the  areas  of  commonality  so  that  systems 
can  interoperate. 
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Rethinking  applications  to  exploit  information  technology 


While  there  has  been  enormous  progress  in  developing  computing  and  communication  systems  over  the 
past  decade,  there  are  still  major  challenges  ahead  of  us.  The  challenges  are  often  at  the  system  level  rather 
than  with  developing  individual  technologies.  Some  of  the  challenges  involve  changing  the  way  we  do 
business,  including  changes  to  the  acquisition  systems  and  the  associated  cultural  changes  in  both  Govern- 


u  c 

SL'S  o  * 

^•53  8 

^I'si 


ti  O  C  «  « 

ex  c  5P  «  S  ■5; 

E  o.S  2*0 

O  ‘iU  t/i  o  *0  C 
82  cg.|  CJ- 

®  P  13  *§ 


C  w 

i  ■’i  I  f  i3 


P.H  o  «j 
c«{:  o  c  c 

oi-S  ■"  o  2 
•S  Si's 


- 

a  5 
.2?« 
i®l3 


«« *2  S  .c  ^  ®  "i 

4>  CO  O  ^  /i-s  -n 

.2  2  tS  H  £0*0  _r 
2  8  3  «)  E  So  ^ 
j  8  e  8  i  w  -o 

O  ®  e  5  ‘"s  ^  S 

V  O  c  S  ^  U  S 
C  C  to 

5  S  ^  to  ^ 


oa  S2 
c  ^ 


CS  .2!  .25  25 

—  rt  <3 ’s*  ^  S 
y  e  9-  5  S 


«*-.  u  e  H-  5  s  C 

O  ^  g  E.C’S  g 

jc  c  o  >  2  to 

o  S3  o  y  >  -5  >L 
E'5 1 1  =  a  „ 

8  I  8  I  2 1® 

■§  “5  g..a  --g 

»al‘l 

2  «  a  e  ^ 


5  S  g-t -0.2 
S  «  g  2  s - 

60S  52.  CO  ?  -E 


^  O 
•a  60  53  y  2 


£  *0 

c 
E  o 

ii5 


2  5  g  S 


C  C  ^  ^  i 

Q  2  o  a 

2  c  y  ^  . 

£  o  « 

cx*3  2 .5 

o  3  s  S 

gl.a  8l 

liifs 

^  S5  c 
00^  3*  — 

p  x;  2  c 

§  § 
O  o  eo  .2 
O,  C  So  3  tS 
g*0  S»  g  o 


v«  ^  u. 

(X  c  O 

^  rt  ti 


|rls 

§1^1 

s-l'iS 

60  O.  c 


C  ^  O 
-*  S  (A 
to  <0  o 


O  P  tS  S  «Si  ^ 

■Si  -E  ^  CX  O 

c-o2^  «  b  2 
a  s  ?  p  p  t2  ^ 

x:  ^  ^  o  9<  a  p 

^  ^  C  to  25 

to  cx^a  P  o* 
60  >  C  O.  3  2  5 
o  -a  O  g  P  P 

2  3  eS  c  a  ^  p 
S  *0  p  P  o  c:  “O 

o  p«  b  2.0^3 

P  b 'q  S>  P  .3  c 

=  2  ^  •  S'l*- 

1  E  S  o-S? 
E  8  o  «  2  8== 
S.  P  *-  JD  Z.  p 
o  g  ^  g  ■S  ^  -5 

"i  2i3  c-c 
p  tX  >  —  — .  E  p 

■^-c-  S-Sl’-i 
£  Sx;  £  2  P  ^ 

>  O  2:2 

<S  *2  <9  p  p 

2  8  P  ^  § 


<«  «  s  ^  b" 

%  If  i  i  *  & 

■1-=  mS  S  I  e 

*'*  b  e  _  C  .2  p 

t-  O  .5  T3  o  X>  C 

b  c  c  p  5  o  c 


5  atSsa-SSa  .2 

5  gS§8sc'c  8 

5  ‘^uCCCO.b  c< 

*  **3iScg;==5  a 
®  *5  «rt*t  S)2!s  2  «» 

2  *^-an253’°P  to 

E  <•§  iLSi••3^5•S  < 


•g-8 

to  ^ 


.2=^.  8 
|§S 

e-i'g 


•g’S  0.0  £ 

1  >  2  a. 

E  p  ««  cx  o 

2  o.  2?s  13 

o  e3  ««  P  5 

C.C  ae^ 

^  to  c  Is  ^ 
,  p  a  o  -o  8 

ii’§'5  B 

B  M  2  c3  -a 
2  *3  5 


S  2  P  «) 

o  CO  ex.s 

•a  3  o  S5 
—  is  a 

E^  S3  E 

P  Wh  So  P 
cb  P  3  to 
P  >* 

,2  c  u  2 
o  •— •  o  ^ 

eo  2  *-i  “5 
e3  P 

a  P'S)  ^ 

p  5 
60S 
O  a  .E  'e 

1- 1  u  4%  a 

5  E  JO  i 

5.8  E  I 
•a  -  P  o 

’i  5  p  2 
*0  P  5 
^  3  a 
•O  O  U  60 
‘>  c  .2  .E 
>  sa  53 

3  <0  E  .2< 
w  ^  p  P 

o  .2  w  p 

C  3  W5  c 
C  2  C9 

p  P  E  ^ 

p  C  a  c 

c  *3  P  c 

.2  -S  -S  o 

1  2 

c2  E  E 

o  p  5  o 

'a  ys  to  £ 

•S  5  a 

o 

g  w  U-I  w 
O  a  o  P  . 

2  o  feS  S 
"O  b  >  <9  60 

l=5|g“  = 

b  •£  *^.5  60 

«  °£M  S 

“l.sS  s 

2- 0  o  c  I 

P  r;  Q.S  E 

jC  .2  ^  2  3 
H  *0  P  60J3 


Many  of  the  applications  we  wish  to  develop  no  longer  operate  on  a  single  workstation  or  even  on  a  single 
network;  rather,  they  will  exploit  the  information  infrastructure  which  is  evolving.  To  avoid  the  potential 
stovepiping  of  these  applications,  they  need  to  be  developed  in  the  context  of  the  infrastructure,  and  in  fact, 
the  applications  and  the  infrastructure  will  evolve  jointly. 
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Information  Infrastructure  II: 


the  Federal  government  and  insuring  that  an  information  infrastructure  benefits  all  citizens  are 
roles  for  the  Government.  Participating  in  these  R&D  and  pilot  projects,  and  creating  a 
commercialy  viable  infrastructure  are  roles  for  the  private  sector. 


Software  Engineering 


SOFTWARE  DEVELOPMENT  IS  A  CONTINUOUS 

PROCESS 


Software  Development  1: 

Software  has  been  estimated  to  cost  the  DoD  nearly  10%  of  its  budget,  although  adequate  data 
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Software  Development  2: 

Chart  10  gives  more  detail  on  what  evolutionary  software  development  is.  Key  concepts  in¬ 
clude: 
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Intelligent  Systems  1: 

Autonomous  Systems 

•  Note  technologies  which  make  it  up 
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Fast  &  flexible 


Ubiquitous  Computing: 

Advances  in  display  technology,  packaging,  wireless  communications  and  the  ability  to  interact 
with  the  computer  with  voice  and  gestures  is  paving  the  way  to  ubiquitous  computing,  that  is,  the 
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This  extended  abstract  provides  an  overview  of  the  ARPA  HPC  program  in  the  context  of  the 
Federal  HPCC  program  and  introduces  the  next  two  talks  on  scalable  computing  and  networking 
technologies. 

HistoricaJ  Tuneline:  High  Performance  Computing  (HPC)  technologies  provide  a  fundamentally 
new  kind  of  foundation  for  the  information  technology  base  of  the  21st  century.  Developing  and 
exploiting  this  new  technology  base  provides  new  challenges  and  opportunities.  The  HPC 
technologies  will  be  described  in  terms  of  their  characteristics  and  trends  which  will  enable  a 
revolution  in  the  application  of  information  technologies  in  a  new  information  infrastructure 
called  an  infostructure.  The  ARPA  role  in  this  revolution  can  be  traced  from  ARPA’s  earliest 
investment  in  the  1960s  in  advanced  computing  up  to  current  programs  and  plarts  for  HPCC  and 
its  extension  toward  the  NO. 

Technology  Trends:  The  rate  of  advance  of  computing  technologies  has  been  unprecedented  in 
the  history  of  technologies  and  is  expected  to  continue.  It  current  rate  of  advance  has  been  fueled 
by  the  soUd  state  switching  device  called  the  transistor  which  first  emerged  from  research 
laboratories  in  the  mid  1940s.  Transistors  are  now  produced  at  amazing  rates  through  advanced 
manufacturing  processes  (see  Scientific  American  Jun  93).  Transistors  are  used  to  implement  the 
of  digital  components  for  digital  systems.  The  universality  and  economics  of  these 
systems  have  been  and  will  continue  to  enable  successive  waves  of  irmovation  throughout  all 
sectors  of  the  technology  base  and  its  application  throughout  the  soaety. 

Ctmverging  Technologies:  The  universal  nature  of  digital  technologies  and  computation  enable  it 
to  be  used  in  diverse  areas.  Previously  distinct  information  technologies  have  the  potential  of 
being  combined  in  new  ways  when  they  are  implemented  with  digital  technologies  with  common 
interfaces.  This  enables  the  convergence  of  computing  and  communications  teclmologies  and 
their  diverse  applications  into  a  powerful  new  infostructure.  The  fundamental  power  of  the  new 
technology  ba^  and  its  application  is  due  to  both  computing  available  to  its  users  and  the 
communications  among  computing  systems  and  their  users. 

IT  Advances  and  Applications  over  Time:  History  has  shown  the  fundamental  role  that 
information  has  in  the  development  of  society  and  organizational  structures.  Fundamental  change 
advances  such  as  the  Guttenburg  printing  press,  the  telegraph  and  telephone,  computing, 
time  sharing,  computer  graphics,  computer  networks,  VLSI,  personal  comfuiting,  scalable 
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computing,  and  their  extension  to  mobile  and  wireless  systems.  Todays  organizational  structures 
are  becoming  increasingly  dependent  upon  information  technologies.  These  structures  have 
evolved  from  a  time  before  these  technologies  were  dominated  and  are  going  through  a 
reinvention  process  fueled  by  the  new  information  technologies.  This  will  provide  new  kinds  of 
applications  which  we  can  only  begin  to  imagine,  in  addition,  the  dynamic  nature  of  the 
applications  and  the  rate  of  advance  of  the  technologies  will  continue  to  accelerate. 

User  View  of  Applications  Development  over  Time:  The  combination  of  underlying  technology 
trends  and  user  trends  presents  challenges  to  insuring  that  rapidly  advancing  technology  is  able  to 
meet  the  increasing  dynamic  of  the  users.  Meeting  this  challenge  will  require  a  much  more 
integrated  view  of  the  technologies  and  their  users.  In  the  past  the  gap  between  users  and 
technology  has  been  filled  by  system  developers.  While  this  may  have  worked  in  the  past,  it  is  not 
going  to  be  capable  of  working  in  the  future  because  it  will  not  be  able  to  keep  pace  with  the 
dynamics  of  the  user  environment.  Technology  has  an  impact  on  their  users  who  develop  new 
concepts  as  a  result  of  their  experience  using  it.  Users  want  increasing  control  over  the  systems 
they  use  so  that  the  systems  will  continue  to  keep  pa(%  with  their  understanding  of  what  they  learn 
they  need  through  their  use. 

System  Architecture  for  Sustained  Gracefril  Growth:  The  new  computing  technology  base 
needs  to  be  able  to  support  sustained  graceful  growth  from  both  the  user  and  technology 
perspective.  From  a  user  perspective  the  systems  need  to  be  able  to  grow  in  capability  as  users 
grow  from  their  experience  in  their  use.  From  a  technology  perspective  the  underlying  systems 
need  to  be  able  to  have  functions  and  components  inserted  as  the  technology  continues  to 
advance.  Both  of  these  perspectives  need  to  be  able  to  progress  at  their  own  rates  while  providing 
feedback  to  each  to  sustain  the  rate  of  mutual  advance.  Accomplishing  this  will  require  an  overall 
system  architecture  to  break  the  mutual  dependencies. 

Inventing  the  Future  through  Advanced  Prototyping:  The  elements  of  the  new  approaches 
required  ate  emerging  from  todays  research  laboratories  as  they  pursue  innovative  projects 
focused  toward  inventing  the  future.  This  is  accomplished  by  using  the  best  of  todays  advanced 
technologies  in  innovative  ways  that  represent  the  way  in  which  those  technologies  are  expected 
to  be  used  in  the  future.  These  innovation  laboratories  are  connected  the  Internet  which  is  a 
prototype  of  the  infostructure.  Computing  is  fundamental  and  pervasive  in  these  laboratories 
provides  a  window  into  the  future.  Examples  using  this  approach  wiU  be  given  firom  previous 
ARPA  programs  in  advanced  computing  technologies. 

Major  Dimensions  of  the  New  Computing  Tedmoiogies:  The  major  dimensions  of  the  new 
technology  base  are  characterized  by  scalable,  ubiquitous,  universal,  affordable,  open,  integrated 
and  reflexive  while  providing  privacy,  security,  integrity,  and  trust.  Each  of  these  (fimensions  will 
be  described  to  provide  insight  into  the  structure  of  the  new  technology  base.  Scalable  means  that 
a  single  design  can  be  configured  over  a  wide  performance  range.  This  enables  the  system 
performance  to  be  matched  to  the  user  need.  Ubiquitous  means  that  it  can  be  placed  wherever  it  is 
needed.  This  enables  s^tems  to  be  viitualized  to  their  IT  based  models  providing  improved 
observability  and  controllability.  Universal  means  that  the  needed  functionality  an  be  achieved 
from  a  common  foundation  within  the  limits  of  computability  and  approximations.  Affordable 
means  that  this  becomes  the  prefetied  solution  in  economic  terms  and  is  enabled  by  the 


continuing  advance  of  the  technology.  Open  enables  different  system  modules  to  be  composed  as 
needed  to  achieve  the  desired  overall  systems  capability.  This  enables  the  reuse  of  modules  in 
various  forms.  Integrated  means  that  the  overall  system  of  modules  works  together  as  if  it  were 
developed  as  an  integrated  whole.  This  provides  a  uniform  appearance  to  the  user.  Reflexive 
means  that  the  system  modules  include  descriptions  of  itself  which  enable  more  effective 
composition  of  systems  from  modules  since  they  have  an  integrated  systems  conflguiation 
capability. 

Dual  Use  Technologies:  Notice  that  all  of  these  concepts  apply  to  both  commercial  and  defense 
systems.  This  is  an  example  of  what  we  mean  by  dual  use  technologies.  In  almost  all  cases,  high 
performance  computing  is  a  dual  use  technology  base  that  enables  the  full  range  of  information 
technologies  including  their  extension  to  an  infostructure. 

The  next  two  talk  will  go  into  more  detail  for  high  performance  computing  and  high  performance 
networking  technologies. 
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Information  Enterprise  Elements 


Projects:  smaller  projects  to  develop  larger  scale  integration  of  diffusion  of  reduced-risk 

innovative  approaches  to  diverse  technologies  through  advanced  technology  to  all 

fundamental  problems  consortia  sectors  through  pilot 

projects 
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Video  is  stressing  the  Internet  today... 
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MEMORANDUM  FOR  CSTO  fci  WEIGAND/BOESCH 

SUBJECT;  Clearance  of  Paper/Report/Speech  for  Open  Publication 

Reference  is  made  to  the  following  material  sulxnitted  for 
clearance  for  open  publication: 

HPC  SOFTWARE  TECHNOLOGY 


xxxxx  The  above  referenced  material  was  cleared  for  open 

publication  by  OASD(PA)  on  June  18.  1993 _ ,  Case  No93-s-2228 

All  copies  should  carry  the  following  Distribution  Statement  "A" 
as  follows: 


APPROVED  FOR  PUBLIC  RELEASE 
DISTRIBUTION  UNLIMITED 

CLEARANCE  IS  SUBJECT  TO  CAVi^T  LISTED  RE  SLIDES  33  and  34  (LEFT  BLANK) 

_ The  above  reference^^aterial  ini^->HOT  CLEARBD..Jor-'Upen 

publicationj3y^0ASD{P^l<^se  No.  - - -  All  copies 

should  C4P^  the  fpilowing  Distribution  Statement  as  follows 


^G.  -T:  Winn 
Technical  Information  Officer 
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This  presentation  discusses  the  general  strategy  of  the  HPC  software 

program  in  three  dimensions:  Operating  system  support,  CRECTORATEFORFREEOCiiOf MFORUATKA 

cospiler/library  support,  and  suK>ort  for  embedded  applications.  AND  SECURITY  REVCW(OASD^A) 

The  purpose  of  the  presentation  is  to  present  overall  concepts  and  DEPARTMENT  OF  DBBISE 
directions  and  to  stimulate  interest  and  technical  discussion,  not 
present  specific  technological  details. 


Slides  1-2  Overview  and  introduction 


Slide  3  Goals  and  objectives  of  the  HPC  8oft%irare  program 
The  basic  concept  of  scalability  is  introduced  and 
priorities  of  the  project:  support  for  HPC  architectures 
acc^tance  by  user  base,  and  meeting  DoD 
fa\ilt  tolerance  and  distribution  %rithin 
discussed. 

Slides  4-9  HPC  software  concepts  THE 

The  concept  of  single  machine  image  is  in^«hfffiRi  Tmd 
discussed.  The  physical  realities  of  large  scalable  machines 
are  discussed  leading  to  the  conclusion  that  systems  composed 
of  numerous  ’nodes*  each  of  %diich  is  a  potentially  high 
performance  computer  acting  in  concert  will  virtually  always 
outperform  individual  machines  of  either:  single  instruction 
multiple  data  or  multiple  instruction  multiple  data. 

The  ramifications  of  this  conclusion  is  that  the  o];>erating 
system,  conpliers,  and  libraries  must  create  a  virtual  single 
machine  from  this  set  of  independent  processors.  This  virtual 
single  machine  (single  machine  image)  must  behave  to  the  user 
much  as  a  single  computer  would. 


I  DEPARTMENT  OF  DEFENSE 


tSCLTJDE 


Slides  10-13  System  software  (Operating  system)  Requirements 

Briefly  discuss  the  basic  requirments  and  history  of  ARPA 
funded  research  into  operating  systems  with  a  loo)c  to  future 
additions.  Specifically,  discuss  the  current  wor)c  in  the  area 
of  extensions  to  the  basic  model  to  more  accurately  si^port  the 
scalable  single  system  image  that  was  previously  discussed.  The 
t%io  concepts  introduced  arc:  distributed  services,  and  composed 
services.  In  distributed  services,  the  services  arc  not 
necessarily  co-resident  with  applications  on  single  nodes  of 
the  computer  system,  in  composed  services,  virtual  services 
such  as  very  high  speed  stores  may  Ise  approximated  by  coeposing 
large  numbers  of  slow  dis)(s  or  stores. 


Slides  14-18  Real-timte 

Disctiss  the  introduction  of  real-time  support  into  operating 
systems  and  in  particular  the  introduction  into  scalable 
opsratlng  systasM.  Introduce  the  model  of  guest  operating 
systems  to  handle  very  high  speed  events  within  the  fraaie%for)c 
of  an  operating  environment  suitable  for  B»derate  speed 
real-time  processing. 

Slide  19  -  Hajor  Mach  OS  Participants 
self  explanatory. 

Slides  20-21  MFC  model  for  language  and  library 

Describe  the  general  model  for  HPC  library/ compiler  development 
and  define  the  focus  areas:  compilation,  performance  analysis, 
programming  sttpport,  particularly  visxialisation.  I/O  support. 
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one  thousand  nodes  are  faster  than  one  hundred 


types  of  interconnect,  processor  architecture, 
hardware  assist  for  messaging,  hardware 
assist  for  non-local  memory  access,  memory 
architecture/addressing  structure, ... 
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•Similar  services  to  ^egular^  micro-kernel  OS  like  OSFl-AD 
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•  •Advanced  real-time  functionality 
HPC  Vendors:  Convex,  Intel,  Honeywell 
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New  transformations 

Back  end  specific  optimizations~CM5  back  end  generated  code  within  factor  of  2  of 
best  hand  coded  solutions 
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••Enable  virtually  architecture  independent  applications 
•  •High  degree  of  support  for  embedded  needs 


III-D  Software  Engineering 

Mr.  John  T.  Foreman 


ADVANCED  RESEARCH  PROJECTS  AGENCY 

rj  NORTH  FAIRFAX  DRIVE 

ARLINGTON,  VA  22203-1714 

June  16,  1993 


MEMORANDUM  FOR 


SISTO  -  FOREMAN 


SUBJECT:  Clearance  of  Paper /Report /Speech  for  Open  Publication 


Reference  is  made  to  the  following  material  submitted  for 
clearance  for  open  ptiblication: 

SOFTWARE  ENGINEERING 


xxxxx  The  above  referenced  material  was  CLBARBD  for  open 

publication  by  OASD(PA)  on  June  16.  1993 _ ,  Case  No,  93-S--2181 

All  copies  should  carry  the  following  Distribution  Statement  "A" 
as  follows: 

APPROVED  FOR  PUBLIC  RELEASE 
DISTRIBUTION  UNLIMITED 


_  The  above  re^rencedmae^ial  was  NOT  CLSA^BD-for  open 

publication  t^XJMD(PA)^j>e€fe  No. _ ^ _ _  All  copies 

should  car;j:5^he  fqiicrtJing  Distributic^^gg^t^ent  as  follows: 


Information  Officer 


Attachments 


The  following  are  intended  to  provide  very  brief  descriptions  of  the  slides  in 
the  software  engineering  presentation.  The  title  of  the  slide  is  usually  the 
first  item  in  each  entry 

Outline  •  self  explanatory  -  set  context  for  the  presentation 

Purpose  •  slight  elaboration  of  the  outline  chart  and  it  may  replace 
the  outline  in  subsequent  versions. 

Software  Legacy  •  a  pictorial  slide  to  be  used  as  an  illustration 
of  the  software  problem  -  specifically  the  massive  complexity  of 
large  software  systems. 

Problems  >  This  is  not  really  a  slide,  but  is  something  of  an 
elaboration  of  the  specific  problems  of  the  previous  chart  •  as 
such  it  will  be  eventually  be  removed. 

Program  Manager  Challenge  -  This  is  another  slide  to  focus  on  the 
issues  and  challenges  of  software  development 

What  is  a  million  ioc  -  This  slide  will  be  used  to  provide  further 
focus'ofrfRFTdea  of  SW  complejdty  and  try  to-provide  aphysical 
representation  of  just  how  big  1  million  lines  of  code  is. 

SISTO  Vision  *  the  earlier  slides  are  designed  to  provide  an 
overall  context  to  the  SW  problem  •  this  is  a  1  chart  view  of 
how  we  (SISTO)  believe  things  must  progress  over  time. 

Software  Engineering  in  SISTO  -  The  rest  of  the  presentation  is 


focused  on  what  the  SISTO  programs  are.  This  chart  shows  the 
hierarchy  and  sets  the  stage  for  more  detailed  discussion  of  each 
program. 

Next  6  or  so  slides  (individual  program  discussion)  >  In  each  subsequent  slide 
(ie,  the  next  6)  we  will  address  the  focus  of  each  program  and  how  the 
programs  address  the  previously  stated  vision.  There  is  one  additional  slide 
after  the  STARS  slide  which  shows  some  of  the  activities  ongoing  in  the  Army 
demo  project.  This  chart  is  formatted  similarly  to  the  SISTO  vision  chart  and 
will  be  related  back  to  that  chart  as  an  example  of  work  in  progress. 

Key  Software  Concepts  -  This  slide  is  a  summary  of  the  talk  -  our 
envisionment  of  where  the  software  community  needs  to  be. 

Software  Technology  Investment  Strategy  -  Another  view  of  our 
vision,  but  I  will  use  this  to  stress  the  flow  from  science  — > 
consumers,  the  role  industry  can  have,  and  discuss  the  need  to 
have  metrics  based  evaluations  as  part  of  the  improvement  process. 

- En^  of  Forwarded  Message 


Software  Legacy 


Chart  3 -6/23/93 


What  is  a  Million  LOG? 


Chart  5  -  6/23/93 
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Software  Development 
Capabilities  Vision 
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Qualities,  Technicai  Factors  and  Thrusts 
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Current  Program 
Emphasis  Areas 


-  Integration/Evaluation 

-  Demonstration/Transition 
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its  dissemination  requires  a  proven  scientific  infrastructure 
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More  flexibility  to  change  contents  of  objects,  while  retaining  their  functionality 
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Defined  requirements  for  types  and  methods  (working  with  POB) 
Deveioped  capabilities  for  linking  heterogeneous  systems 
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TALKING  PAPER  TO  ACCOMPANY  INTELLIGENT  SYSTEMS  PRESENTATION 

-  this  presentation  will  be  given  at  the  Advanced  Research  Projects  Agency 
(ARPA)  Symposium  at  the  Naval  War  College.  Newport  Rl  on  June  23. 1993. 

-  this  presentation  is  unclassified,  unrestricted  access 
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•  What  is  an  intelligent  system? 

•  What  is  the  SISTO  strategy? 

•  What  is  the  current  program  emphasis? 

•  What  help  do  we  need  from  you? 

•  Summary 


the  purpose  of  the  presentation  is  to  give  the  ARPA  Software  and 
Intelligent  Systems  Technology  Office's  perspective  on  intelligent 
systems,  strategies  for  the  development  and  transition  of  the 
enabling  technology  to  build  intelligent  systems,  and  the  background  of 
current  science  and  technology  programs  in  machine  intelligence 


What  Is  An  Intelligent  System? 


External 

World 


Enabling  technology  based  on  machine  intelligence  research 
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°"® ™^® ‘“"“*'■'’9 “’'«® <»pal>wes (perception, cognition, 
action^.  The  overall  objedive  is  to  understand  how  to  develop  computer  systems  that  can  function 

in  human-like  (or  other  animal-like)  ways  in  these  areas.  In  general  the  key  enabling  tSiSes  are 
knowledge  representation,  reasoning  methods,  and  learning  methods.  lecnnoiogies  are 

-  perception  is  more  than  simple  signal  measurement.  It  involves  interpretation  fusion 

--  all  with  the  goal  of  creating  a  "meaning  representation"  or  understanding  of  the 
sensed  data,  the  sensed  data  may  include  speech,  imagery,  text,  and/or  other  sensor  data  ^ 

itQ  nmroicfnn  "leaning  representation"  is  symbolic  -  which  facilitates 

Its  process  ng  by  other  intelligent  system  components,  early  applications  dealt  with  intelligent 

front  ends  to  databases,  but  the  work  has  now  progressed  (for  example,  real-time,  speaker 
independent,  20,000  word  vocabulary  speech  systems)  ’  " 

implies  thinking,  thinking  means  formulating  a  symbolic  representation  of  a  problem 
and  then  applying  reasoning  process  to  solve  the  problem,  a  problem  might  involve  diagnosis  ’ 
design,  planning,  monitonng,  projection  (or  anticipation  of  future  events),  early  work  dealt 
with  expert  systems.  ^ 

th^world  operations  (via  actuators  or  communication)  to  attempt  to  modify 


Three  Classes  Of  Intelligent  Systems 


•  Advisory  Systems 

•  Associate  Systems 

•  Autonomous  Systems 


These  Systems  Can  Be 
Distinguished  Based  On: 

•  Degree  Of  Authority  &  Autonomy 

•  Degree  ArxJ  Type  Of  Cooperation 

•  Type  Of  Assistance  Given 

•  Degree  Of  Naturalistic  Intelligence 
In  Communication  &  Cooperation 

•  Richness  Of  Sensors  And  Actuators 
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-  there  are  three  classes  of  intelligent  systems:  advisory  systems, 
associate  systems,  and  autonomous  systems.  The  following  viewgraphs 
will  define  and  illustrate  each  class. 


Power  Comes  From  Knowledge  And  Reasoning 


Use  Of  Knowledge  And  Reasoning  . 
In  Image  Understanding  (ATR)  — 


Reasoning 


•  Armored  vehicle  most 
likely  on  roads. 

•  Tank  most  likely  on 
roads  or  in  field 

■  Vehicles  unlikely  in 
water 


I  (a)  Delete,  False  Alarm 

(b) Armored  Vehicle  Likely,  Examine 
With  Recognition  Algorithms 

(^Tank  Likely,  Examine  Further 


- - L 

Detection  Algorithms  f  Sensor  Data  I 
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Advisory  System 


Perception  Cognition  Action 


Examples: 

•  On-Line  Air  Travel  Planning 

-  Anybody  Can  Talk  To  The  Computer  And  Get  Flight 
Information 


.  DART 

-  Military  Planner  Can  Visualize  Plan,  Recognize  Errors, 
Save  Days  In  Planning 
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DISTINGUISHING  CHARACTERISTICS: 
human  specifies  task  domain  human  in  charge  value  added  by  ease  of 
use,  increased  human-computer  bandwidth  requires  high  performance 
speech,  text,  image  understanding 


-  one  type  of  intelligent  system  is  the  advisory  systems. 

the  early  work  concentrated  on  intelligent  database  frontends. 

now  the  goal  is  to  enable  some  sort  of  labor  saving,  decision  support  via 

naturalistic  interaction  between  man  and  machine,  key  features  that 

distinguish  an  advice  giving  system  from  other  intelligent  systems  is  the 

fact  that  this  system  tasks  are  defined  apriori  by  a  human  and  that  a 

human  is  in  charge. 


On-Line  Trip  Planning 
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-  an  example  of  an  advisory  system  is  the  use  of  high  performance  speech 
understanding  techniques  to  support  on-line  trip  planning  •  that  is, 
interaction  with  an  airline  information  database.  This  task  domain  has 
been  used  for  the  past  three  years  by  the  ARPA  Human  Language 
Technology  community  to  develop  the  underlying  speech  understanding 
technology.  The  above  picture  suggests  the  speaker  independent,  robust 
performance  that  is  now  possible. 


On-Line  Trip  Pianning 


-  in  order  to  produce  effective,  low  cost  advisory  systems,  several 
additional  research  issues  need  to  be  explored.  These  include  mixed- 
modal  interaction  (integration  of  speech  and  gestures),  efficient 
implementations  of  speech  and  text  processing  algorithms,  integrated 
decision  aids  that  ordinary  people  can  tsulor  and  evolve,  models  of  users 
("do  what  I  mean,  not  what  I  say"),  new  techniques  to  integrate  large 
amounts  of  data,  and  a  domain  specific  software  architecture  for  advisory 
systems. 


Associate  Systems 


Perception  Cognition  Action 


Examples: 

•  Crew  Station  Automation 

-  Anticipates  Info  Needs,  Assess  Potential  Plans  In 
Situation  Context 

•  Trauma  Care  Associate  System 

-  Expert  Care  (Faster,  Patient  Record  Capture,  Less  Cost) 
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DISTINGUISHING  CHARACTERISTICS: 
specific  tasks  inferred  from  human’s  situration  or  tsehavior 
human  can  delegate  tasks  to  computer 
value  added  by  human  krx>wledge/sikll  amplification  and  coverege 
requires  user/domain  models,  advanced  reasoning  methods 

-  Associate  systems  aid  humans  in  the  performance  of  real  world  tasks 
such  as  weapon  system  operation,  trauma  care,  etc.  An  associate  system 
monitors  the  human  problem  solving  and  the  world  the  human  lives  in  to 
prevent  errors  and  to  opportunistically  initiate  problem  solving  on  tasks 
when  the  human  becomes  overloaded.  A  key  idea  is  that  the  computer  can 
anticipate  information  requirements  because  the  computer  is  able  to 
deduce  human  goals,  monitor  an  evolving  plans,  etc.  The  computer  may  be 
delegated  to  perform  certain  tasks  without  human  intervention.  Learning 
via  training  is  a  critical  component  in  associate  system  development. 


Error  detection  models 
(user.  task,  domain) 


METRICS 

Accomplishes  delegated  tasks 
Increased  cognitive  bandwidth 
Despite  stress,  human  retains  the  “bubble” 
Improves  over  time 
Easy  to  use,  easy  to  learn 


Integration  of  large 
volumes  of  disparate 
information 


-  An  example  of  an  associate  system  is  depicted  in  the  trauma  care 
situation  shown  above.  The  computer  fadlitates  the  capture  and 
dissemination  of  electronic  patient  records,  and  displays  and  helps 
execute  knowledge-based  patient  protocols  -  thus  amplifying  and 
extending  the  capabilities  of  the  triage  team. 


Trauma  Care  Associate  System 


-  Many  research  challenges  have  to  be  address  to  make  associate  system 
technology  a  reality.  These  areas  Include  representation  (of  goals,  plans, 
constraints),  mixed-initiative  planning  (shared  planning  between  a 
human’s  perceptual  strengths  and  a  computer’s  deductive  strengths), 
models  of  the  user  and  the  user's  likely  behavior  in  different  situations, 
learning  methods  that  facilitate  knowledge  capture  during  training,  and  a 
domain  specific  software  architecture. 


Autonomous  Systems 


Perception 

Cognition 

Action 

— 

-N 

-V 

Computer  | 

Observes  S  I 

Monitors  Its  Own  r — N 
Situation  S  BehaviorL^ 
(+  Other  Systems  It  | 

Is  Controlling)  | 

Computer  Creates 
&  Revises  Plans  *■ 
Allocates 
Resources  To 
Accomplish  Its 
Goal 

s 

1 

Computer  Enacts  1 
Plans  To  Change  [ 
The  Woriri  Stale  I 

1 

Learning  Focuses  On  Experience  Capture  Through  Practice 

Example: 

•  Unmanned  Ground  Vehicle  (UGV  DEMO  11) 
-  Keep  human  warfighters  out  of  harms  way 
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DISTINGUISHING  CHARACTERISTICS: 
specific  tasks  inferred  or  assigned  from  higher  level  authority 
computer  responsible  for  its  own  actions 
mobility 

value  added  is  projection  of  intelligent  behavior  into  unsafe  regimes 


•  The  third  class  of  intelligent  systems  is  autonomous  systems.  An 
autonomous  system  is  one  where  the  o^mputer  develops  its  own  plans  and 
is  free  (within  some  set  of  constraints  -  for  example  as  imposed  by 
doctrine,  Asimoffs  laws)  to  enact  those  plans.  Autonomous  systems 
are  mobile  -  for  example,  robotics.  High  performance,  intelligent  vision 
systems  are  critical  to  the  success  of  autonomous  systems.  For  example, 
the  NAVLAB  at  Carnegie-Mellon  University  is  able  to  operate  at  speeds  up 
to  100  KM/hr. 


Unmanned  Ground  Vehicle  (UGV)  Demo  2 


and  numerical  mhrmation 


-A  major  application  of  autonomous  systems  is  the  Unmanned  Ground 
Vehicle  (UGV)  program  as  depicted  in  the  attached  figure. 


Unmanned  Ground  Vehicle  (UGV) 

Demo  2 


-  Major  research  challenges  in  autonomous  systems  include  the 
development  of  real-time,  intelligent  vision  systems,  the  ability  to 
integrated  planning  and  control  algorithms,  new  techniques  for  real-time 
sensor  management  and  sensor  fusion  and  understanding,  effective 
communication  between  autonomous  systems  and  human  controllers 
(commanders),  and  domain  specific  software  architectures  to  facilitate 
software  reuse  and  to  lower  devetopment  costs. 


What  is  the 

development  methodology? 


•  Conduct  a  scenario-based  domain  analysis 

•  Define  the  intelligent  systems  architecture 

•  Prototype  intelligent  systems  components 

•  Maximize  re-use  and  re-engineering 

•  Conduct  frequent  user-focused  testing 

•  Deliver  it  in  an  evolvable  form  with  support  tools 


\ 


-  Having  discussed  the  different  classes  of  intelligent  systems  and  based 
on  SISTO's  experience  in  a  variety  of  intelligent  system  projects,  we  can 
begin  to  see  a  principled  development  methodolo^.  First,  it  is  critical  to 
develop  a  realistic  scenario  of  use  and  to  perform  a  domain  analysis  on 
that  scenario  to  determine  the  intelligent  system  functionality.  Based  on 
the  functionality  requirements,  an  architecture  is  defined.  R^id 
prototyping  techniques  are  used  to  develop  intelligent  system  components 
for  this  architecturs.  Maximal  attention  is  given  to  software  re¬ 
engineering  and  se  to  lower  costs.  Using  the  domain  analysis  and 
scenario,  frequent  testing  is  done  with  the  users.  Lastly,  it  is  critical  to 
deliver  the  system  to  the  users  with  support  tools  embedded  in  the 
system.  For  example,  an  associate  system  will  never  be  completed  -  the 
software  must  continue  to  evolve  over  the  life  of  the  system  through  its 
interaction  wHh  the  human  counterpart 


Intelligent  Systems  Engineering 


Advisory  Systems 
Associate  Systems 
Autonomous  Systems 


Functionality 


Thrust 

Areas 


Science  & 
Technology 


Enabling 

Intrastnxture 


Image 

Human 

Real  Time 

Planning 

Human 

Lanauaae 

Planning 

&  Decision 

Computer 

Understanding 

Technology 

&  Control 

Aids 

Inter  action 

Perception  Cognition 


Action 


Knowledge  Representation 


Reasoning  Methods 


iC* 


'sCS 


Next  Generation  Information  Infrastructures 
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-  intelligent  systems  require  a  sound  engineering  discipline  to  develop  and 
field  them,  the  underlying  foundation  to  the  functionality  of  perception, 
cognition,  and  action  is  dependent  on  R&D  in  knowledge  representation 
and  reasoning,  the  goal  is  to  make  building  intelligent  systems  easier  and 
to  enable  a  larger  group  of  software  system  builders  access  to  the 
techniques,  it  is  a  medium  range  goal  to  migrate  from  the  present 
"transcribing  manuscripts  by  candlelight"  approach  to  composition  from 
re-use  libraries  of  knowledge  and  task  specific  reasoning  modules,  the 
ultimate  goals  (in  fact  an  absolute  necessity)  is  to  have  intelligent 
system  components  as  part  of  the  national  information  infrastructure. 


What  is  the  SISTO  game  plan? 


pick  theme  areas  that  facilitate  evolution  and  integration 
of  ARPA’s  machine  intelligence  (&  software)  R&D  programs 

focus  integrated  teams  on  grand  challenge  problems 

encourage  use  of  common  frameworks  and  the  sharing 
of  tools,  methods,  knowledge  (towards  digital  libraries) 

focus  new  R&D  on  "technology  gaps” 

insist  on  metrics-based  evaluation 

facilitate  transition  to  our  customers  (military  &  commercial) 


-  the  SISTO  strategy  is  explained  above 


Current  Program  Emphasis 


-  The  current  R&D  program  in  SISTO  includes  programs  in  image 
understanding,  human  language  technology,  human  computer  interaction, 
planning  &  dedsion  aids,  real  time  planning  and  control,  and  the 
intelligent  integration  of  information.  Detailed  overviews  are  included  as 
backup.  The  mapping  of  these  R&D  programs  to  the  classes  of  Intelligent 

systems  is  shown  above. 


MVAMOa-lS 
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Human-Computer  Interaction 


Survey! 


PiMM  HUoutont  ofth»  aurv»y  form*  M  on  your  chair  at  tha  bimak 

•  Are  you  aware  of  SiSTO  results  in  ttw  following  areas? 

•  image  understanding 

•  real-time  planning  and  control 

•  planning  and  decision  aids 

-  human  language  tecfinobgy 

•  intelligent  integration  of  information 

•  Any  suggestions  on  how  we  can  increase  your  awareness?  willingness  to 
apw  the  technology? 

•  Classify  yourself;  a  imeliigent  system  technology  producer,  developer, 
or  potential  user 

•  How  important  is  this  technology  to  your  organization? 

•  What  risks  do  you  see  in  applying  intelligent  systems  technology? 

•  Are  there  missing  technology  thrusts  in  the  ARPA  program? 

•  What  tools  or  tethodologies  need  to  be  developed  for  you  to  more 
fully  commit  to  applyirtg  this  technology? 


-  We  consider  you  to  be  out  customer,  in  order  to  be  more  responsive  to 
you  -  we  request  that  you  take  a  few  minutes  and  fill  out  the  following 

survey. 


Additional  Information  on  SISTO 
Machine  Intelligence  R&D  Programs 


Image  Understanding 
Human  Language  Technology 
Planning  and  Decision  Aids 
Real-Time  Planning  and  Control 
Human-Computer  Interaction 
Intelligent  Integration  of  Information 


Bottom  Line 


Intelligent  Systems  Technology  is  a  key  enabler  for  future 
DoD  &  commercial  information  processing  applications 

For  more  information: 

Intelligent  Systems  Strategic  Plan 
(also  to  be  published  in  Al  Magazine,  Winter  1994) 

For  General  Information: 

Send  email  to  sisto-info@arpa.mil 
For  B AA's: 

Send  email  to  baa@arpa.mil 
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-  In  summary,  intelligent  systems  are  an  important  class  of  technology 
ideas  that  will  lead  to  new  ways  of  doing  work  and  qualitative 
improvements  in  the  DoD  and  the  commercial  sector. 


III-F  Portable  Joint  Task  Force  and 

Command  and  Control 

LtCol  Stephen  E.  Cross 


Portable  Command  and  Control 
for  the 

Joint  Task  Force 


An  Advanced  Technology  Demonstration 
June  23,1993 


;  Stephen  E.  Cross,  PhD,  Lt  Col,  USAF 
''Writ's?  Deputy  Director 

Software  and  Intelligent  Systems  Technology  Office 
Advanced  Research  Projects  Agency 
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The  presentation  will  address  these  questions 


.••come  as  you  are"  wars 

.  No  plan  situations 
.  Multiple  crises 

.  Resource  constraints 


The  operational  vision  for  next  generation  command  and  control 
systems  must  address  4  critical  issues.  These  issues 
were  discussed  in  the  Command  and  Control  Functional  ANalysis  and  Consolidation 
Review  Panel  Report  (30  Oct  91 ,  unclassified) 


Joint  Task  Force 

"Anywhere,  Anytime"  Decision 
Support  lor  the  CJTF 


The  goal  is  to  provide  decision  support  tools 

for  a  geographically 
distributed  staff  that  are  - 

•  portable  -->  anywhere,  anytime  use 

•  friendly  ->  natural  &  easy  to  learn,  adapt,  use 

•  smart  -->  automates  tasks,  reduces  staff  size 

•  interoperable  ~>  with  service  C**3  and  national  assets 

•  responsive  ~>  fast  and  flexible  crisis  planning 

•  exercisable  ~>  project  into  advanced  simulations 


Two  Tier  Command  Structure:  CINC  To  CJTF* 


The  new  joint  doctrine  is  two  tiered  in  that  a  Joint  Task  Force  Commander  (CJTF) 
reports  directly  to  the  Unified  Command-in-Chief  (CINC).  The  CINC,  CJTF, 
services,  and  other  organizations  should  be  able  to  communicate  and 
share  data/information.  It  is  envision  that  advanced  telecommunications  systems  will  provide 
a  "global  grid"  to  electronically  link  geographically  distributed  sites.  The 
development  and  fielding  of  this  grid  is  the  subject  of  other  DoD  programs. 

The  purpose  of  this  project  is  to  develop  e  the  software  services  and  representative  applications 

that  could  be  accessible  on  the  global  grid. 


"Anywhere,  Anytime" 

Joint  Task  Force  Decision  Support  Toois 


Adapt,  Learn,  Monitor,  and 
Replan  While  On  The  Move 


ARPA  PCC  010*93 


T 


he  CJTF  should  have  access  to  required  information  "anywhere,  anytime"  he/she  needs  it. 

The  concept  is  "warrior  pull"  -  that  is,  the  CJTF  can  pull  the  required  information  from 
experts  wherever  they  are.  The  computer  tools  used  by  the  JTF  staff  should  enable  them  to 
work  all  phases  of  a  crisis  -  from  initial  planning  to  post-planning  lessons  learned  capture. 


Two  Tier  Command  Structure:  CINC  To  CJTF* 


An  example  early  demonstration 
Rehosting  of  ARPA  decision  aids  to  a  "drive  away"  kit. 

(DART,  TIP,  COA  analysis  tools,  etc.) 

The  Problem 

Currently  USPACOM's  J-39  has  an 
antiquated  deployable  command  and  control  system. 

Upwards  of  21  C-141's  and  C-130's  are  required  to  support  a  deployment. 

The  Solution 

DISA's  C4I  for  the  Pacific  Warrior  Program  (working  with  NRaD)  will 
field  a  "drive  away"  kit  with  sufficient  communications  and  computer  equipment  to 
support  a  JTF  in  a  low  end  crisis  (humanitarian  relief,  NEO,  etc)  by  3rd  Qtr  FY94. 
ARPA  will  rehost  appropriate  decision  aids. 

Net  result  -  a  qualitative  leap  in  PACOM's  response  capabilities. 


What  Is  The  Technical  Vision? 
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The  operational  vision  suggests  many  technical  visions/dreams 
that  are  not  immediately  achievable. 


In  the  future,  crisis  action  planning  will  be  accomplished  by 
Crisis  Action  Teams  (CATs)  that 
are  geographic^ly  distributed, 


Planning  and  Decision  Aids  Program: 

The  Dynamic  Analysis  and  Replanning  Tool 


A  futunstrc  ^ew  of  how  a^anced  crisis  action  teams  (CATS)  might  integrate 
VTC,  htgh  definition  displays,  high  performance  computing, 
advanced  decision  aids,  etc. 


Map*Based  intaraction 
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One  of  the  new  technologies  that  will  be  developed  is 
human-computer  interaction.  And  example,  will  enable 
users  to  interact  in  a  "perceptual  workspace" 
as  illustrated  by  this  graphic. 


What  Are  The  Technical  Goals? 


•  Intelligent,  user  friendly,  &  interoperable  decision  aids 
(100X  faster  crisis  planning  with  10X  more  options) 

•  Rapid  development  and  fielding  of  supportable  software 
(50X  faster  to  field,  maximize  commercial  re-use) 

•  Information  services  for  the  Nil  (Global  Grid) 

(''yellow  pages",  collaboration  &  visualization  tools) 
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Specific  Goais: 

•  Enable  a  fundamental  shift  in  DoD  crisis  response  via  direct 
insertion  of  intelligent  systems  and  software  technology 

•  Demonstrate  &  stress  test  global  arid 

•  Use  large  scale  operational  problems  to  focus  the  development 
and  integration  of  intelligent  systems  and  software  technology 

•  Demonstrate  modern,  innovative  software  engineering  methods 

•  Measure  progress  through  regular  "hands  on"  use  in  major 
operational  exercises 

•  Document  the  development  methodology  and  champion 
needed  changes  to  standards  and  acquisition  processes 

•  Work  with  an  acquisition  agency  to  insure  that  the  new 
technology  transitions  into  operational  use 


What  Are  The  Program  Elements? 


The  ARPA  Program  will  concentrate  on  the  top  disk.  It  consists  of 
technology  development  and  demonstrations  in  the 
operational  community.  The  resulting  software  will 
provide  a  service  and  application  layer  on  the  global  grid. 

The  overall  goals  is  to  develop  this  new  technology  in  a  way  that  it  will  migrate 
into  existing  command  and  control  systems. 


The  new  program  builds  on  the  methods  and  demonstrated  successes  of  the 
(D)ARPA-Rome  Laboratory  Planning  Initiative.  Since  1990,  DRPI  has 
been  producing  annual  Integrated  Feasibility  Demonstrations  (IFDs) 
that  have  led  to  qualitative  new  functionality.  Specific  example  are 
discussed  in  the  next  two  viewgraphs. 


Planning  and  Decision  Aids  Program: 

The  Dynamic  Analysis  and  Replanning  Tool 


•  Use  in  ODS  after  Intensive  7 
week  on-site  development 

•  Fielded  to  every  CINC.  in 
daily  use 

•  Early  example  ol  commercial 
re-use 

•  DART  results  now  impacting 
Della  Airlines  and  other 
commercial  companies 
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DART  was  developed  to  address  deployment  analysis  needs  during 
Operation  Desert  Shield.  It  was  developed  and  fielded  in  7  weeks. 

It  has  been  delivered  to  every  CINC  and  has  been 
incorporated  as  the  base  for  the  WWMCCS  client-server  system  (TIP). 
DART  is  an  example  of  COTS  re-engineering,  based  on  a 
previously  developed  commercial  airline  scheduling  system. 


Above  picture  can  be  used  to  explain  the  FY93  demo  -  introducing  new  Al  technology  for  planning  aids  at 
USPACOM  and  have  provided  a  common  plan  representation  to  allow  interoperbilitity  between  other 
previously  fielded  tools. 

Summary  of  info  services  on  the  net 

Uses  DSINet  (T1  capability)  -  obvious  need  for  higher  bandwidth  w/more  servicesllllll 

Interactive  briefing,  shared  map  planning,  VTC  between  all  sites 

Common  Han  Representation  facilitates  sharing  of  information  and  data  between  tools  that  were  not 
originally  designed  to  work  together. 

ATD  focused  on  needs  of  JTF  (as  opposed  to  fixed  site  CINC),  adding  more  "anchor  desks"  (logistics, 
medical,  etc.),  and  interoperability  with  service  C**3  sy^ems 


How  Will  The  Results  Transition? 
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ARPA  will  work  with  acquisition  agencies  like  DISA  to  insure  that 
next  generation  C**3  requirements  are  addressed. 


ARPA  has  briefed  to  the  programs  shown  above  to 
maximize  the  potential  to  transition  new  technology. 


The  initial  program  plan  is  shown  above.  A  Broad  Agency  Announcement 
will  be  issued  late  in  FY93  with  anticipated  starts  in  the  2nd  QTR  FY94. 
Annual  demonstrations  will  be  linked  with  planned  military  exercises. 
The  exact  exercises  are  TBD. 


Summary 


•  Unique  Opportunity  To  Address  New  C4I  Requirements 

•  Focuses  (And  Stresses  ARPA  Information  Processing  R&D 

•  Significant  Operational  Customer(s) 

•  All  Services  &  DISA  Participating 

•  Technology  Reinvestment  Opportunities  Abound! 


\ _ / 


This  chart  summarizes  the  briefing. 
No  new  information  is  introduced  here. 
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What  I’d  like  to  talk  about  today  are  some  advances  in  technologies  that 
enable  information  systems.  These  technologies  are  the  hardware  that 
make  up  information  appliances  and  systems,  enabling  and  dictating 
function  and  form.  They  are  also  the  Interfaces  between  humans  and 
the  information  machines  as  well  as  the  ultimate  executors  of  the 
operator  will.  In  part  and  total,  these  technologies  define  the  function 
and  delineate  the  range  of  information  systems. 


Before  we  take  a  look  at  the  technologies  that  influence  and  enable  the 
building  of  information  systems,  we  need  to  understand  what  it  is  that 
we  do  with  information.  Broadly  speaking,  there  are  five  things  that  we 
typically  do  with  information.  They  are  (in  a  quasi  chronological  order): 
Information  gathering:  whether  we  type  in  numbers,  keypunch  - 
cards,bar  code  scan,  CCD  cameras,  read  sensor  data,  fax  stream, 
voice  input  or  an  optical  datastream;  gathering  information  is  an  integral 
part  of  information  systems  and  one  that  necessarily  interacts  with  the 
environment  and  real  world  (energy,  transductions,  etc.).  Information 
processing:  once  we  have  the  input  from  the  real  world,  it’s  rarely  in  a 
form  that  we  can  make  any  sense  of.  We  need  to  process  the  data  to 
fit  our  needs.  This  is  the  information  function  most  often  associated 
with  ‘Information  technology*.  Information  storage:  although 
philosophically  a  subset  of  information  processings,  it  is  an  important 
enough  ‘process*  to  be  separately  listed.  By  storage  I  refer  here  to 
mass  data  storage  over  a  long  time  to  distinguish  from  volatile, 
processing  associated  memory.  data  storage  relies  on  a  different 
set  of  technologies  than  those  associated  with  information  processing 
(more  mechanical  &  serial).  Information  communication:  how  do  we 
share  information  once  we  gather,  process  and  store  it?  By  what 
channels,  in  what  form  and  how  fast  can  we  send  data  back  and  forth? 
How  do  static,  fixed  information  systems  communicating  differ  from 
mobile  and  dynamic  systems?  Infonnation  execution:  This  function  is 
the  output  end  of  gathering  and  has  a  similar  diversity  of  interaction  with 
the  environment  ranging  from  visual  displays  to  aiming  a  tank  turret  at 
just  the  right  angle  and  inclination  based  on  automatic  tracking. 


Information  System  Trends 


computer  mobility 

previous  information  system 
revoiution  mainframe  c=>  desktop 

next  information  system 
revoiution 

o 

mobiie,  embedded,  human  portabie 
information  systems 


The  next  major  revolution  in  information  systems  is  coming  about 
because  of  mobility.  The  last  revoiution  occurred  when  the  computer 
left  the  floor  and  the  room*sized  mainframe  and  landed  on  our  desks 
with  little  more  footprint  than  the  monitor  used  to  display  the 
information.  This  next  revolution  will  come  about  because  computers 
are  poised  to  leave  the  desks  and  go  with  us  as  mobiie,  embedded 
parts  of  currently  dumb  systems  that  we  already  interact  with  (cars, 
helmets,  radios, ...)  and  some  systems  that  are  just  beginning  to 
emerge  (laptop  computers,  ceilurai  phones, ...).  Some  of  the 
technologies  that  will  pace  the  development  of  these  information 
systems  will  be  different  from  ones  that  drive  existing  systems  including 
low-power  electronics,  wireless  communication  of  data  and  adaptive 
wireless  networks,  energy  storage  and  energy  conversion,  and 
microsensor  technologies. 


Implications  of  Mobile  Information 
Systems 


•  less  dependence  on 
•visual  displays 
•keyboard  inputs 


•  increasing  dependence  on 

•  “natural”  interface,  some  non-visual 
•speech  input/output 
•gesturing 

•tactiie/kinesthetic  feedback 


•  need  for 

•low-power  electronics 

•wireless  communications  &  networks 

•special  purpose,  embedded  processors 


As  information  systems  become  more  mobile  there  will  be  less 
dependence  on  visual  displays  and  less  dependence  on  keyboard 
inputs.  Increasingly,  'natural*  interfaces  such  as  speech  input, 
gesturing,  and  scanning  devices  (cameras,  scanner  +  OCR)  will  be 
used  to  gather  and  input  information.  Mobile  information  sy^ems  will 
also  accelerate  the  need  for  low-power  electronics  and  increasingly 
efficient  power  storage  and  even  power  generation  devices.  Special 
purpose  processors  for  signal  conditioning  and  implementation  of 
embedded,  specialized  functions  (HMDs,  tracking,  guidance, 
surveillance...  )will  become  integral  components  and  manufacturing 
processes  for  future  information  systems.  Since  vision  is  the  dominant 
sense  particularly  for  mobile,  active  individuals,  alternative  forms  of 
information  display  including  speech,  tactile,  and  auditory  displays  will 
be  developed  and  called  upon  to  release  the  operator's  visual  system 
for  maneuvering  in  the  real  world. 


Gathering 


Current  Use 


Powar 

Signals 

■1 

Distributed  Use 


•  wired  power 

•  wired  communication 


•  wide-area  wireiess  power 
transmission 

•  iow-bandwidth, 
wide-area  wireiess 
communication  and 
interrogation 

•  iow-power  eiectronics 


Gathering  is  the  primal  function  in  any  information  system.  Wito' t  th  s 
step  there  is  nothing  to  process,  store,  communicate  or  display. 

Enabling  technologies  that  are  and  vwii  have  tremendous  impact  on  the 
rate  at  which  information  will  be  generated  include: 

Voice  recognition  and  input:  not  necessarily  increase  the  rate  at  which 
any  one  user  inputs  information,  but  will  increase  the  overall  amount  of 
information  since  almost  anyone,  infoliterate  or  not,  can  dump  data  into 
an  information  system.  Hardware  technologies  that  contribute  here  are 
low-power  electronics  (filters  and  GP  processors). 

Disributed  unattended  sensors  will  increase  the  rate  of  spatial  and 
temporal  sampling  of  environments  ranging  from  agricultural  and 
pollution  monitoring  to  HVAC  control  systems  for  residential  and 
indusrial  buildings.  Enabling  technologies  in  these  areas  include 
microdynamic  devices  (solid-state  sensors  for  the  sensing  of 
mechanical,  thermal,  chemical,  and  electromagnetic  energy),  low-power 
electronics,  and  wireless  transponders. 


MEMS  Sensing  Devices  &  Systems 


SENSORS  &  INFORMATION  PROCESSING, 

ACTUATORS  STORAGE  &  DISPLAY 


Revolution  in  Perception 
and  Control 
of  Environment 


✓ 

Improved 

Equipment  Operation 
and  Maintenance 


i 

Technological 

Surprise 


Increased 

Awareness 


($/km‘) 


Microelectromechanical  systems  (MEMS)  enable  revolutionary 
advances  in  the  devices  and  systems  used  for  sensing  the 
environment.  MEMS  will  continue  to  increase  the  resolution,  type,  and 
rate  of  information  gathered  and  fed  to  information  systems.  The 
increased  gathering  capability  will  impose  new  demands  on  processors 
but  also  allow  unprecedented  spatial  and  temporal  monitoring  of  the 
environment,  manufacturing  process,  and  equipment  operation.  MEMS 
is  as  much  a  revolution  in  the  way  we  make  electromechanical  systems 
as  it  is  a  revolution  in  the  size  of  electromechanical  systems.  The  three 
key  aspects  of  MEMS  are  miniaturization,  multiplicity  and 
microelectronics.  MEMS  will  enable  monolithic  sensors,  actuators 
and  electronics  all  integrated  on  the  same  substrate  and  fabricated 
using  the  same  processes.  This  integration  will  lead  to  improved  and 
new  functionality  including  self-calibration,  self-testing  and  the  ability  to 
progamm  operational  characteristic  after  fabrication.  In  addition,  the 
multiplicity  inherent  in  the  VLSI  fabrication  allows  for  alternative  design 
approaches  that  are  impractical  to  achieve  in  the  macro  domain. 


Air-Bag  Accelerometer 


ANALOG  DEVICES  ADXL-50 


Shown  here  is  an  example  of  the  first  commercially  available, 
monolithic  surface  micromachined,  accelerometer  (ADXL-50).  It  is 
manufactured  by  Analog  Devices  and  operates  In  the  0  -  50G 
acceleration  range  with  mG  accurades.  It  is  intended  for  the 
automotive  market  as  the  heart  (or  maybe  the  vestibular  canals)  of  air 
bad  deployment  systems.  Two  important  points  to  consider  with  this 
device.  One.  in  one  common  BiCMOS  process  there  are  integrated 
sensors,  actuator  and  electronics.  This  integration,  particularly  the 
actuator  is  what  enabled  the  commerdal  feasability  of  the  component. 
Many  of  the  difficulties  assodated  with  using  air  bags  in  cars  have  to  do 
with  the  expense  of  self  testing  and  the  lack  of  self-test  in  previous, 
solid-state  sensors.  This  device,  because  the  actuator  is  an  integral 
part  of  the  circuitry,  not  only  has  seif-test  capability  but  can  also  be  self¬ 
calibrating  and  less  prone  to  damage  since  it  is  in  a  force-feedbadt 
loop.  Second,  it  is  important  to  note  that  the  electronics  assodated  with 
the  device  takes  up  more  silicon  real-estate  than  the  dynamic  portions 
of  the  device.  None  of  the  miniaturization,  actuation  or  multiplicity  of 
the  MEMS  devices  would  amount  to  much  with  the  computational 
power  of  the  electronics  that  was  cofabricated.  The  electronics  are  not 
only  necessary  to  implement  the  sophisticated  control  and  test 
algorithm,  but  to  also  enable  new  dstributed  and  unifying  control 
strategies  for  thousands  to  millions  of  MEMS  devices.  I  will  have  more 
to  say  about  this  towards  the  end  of  the  talk  in  the  section  on 
information  execution.  Here  suffice  it  to  say  that  new  levels  of  sensor 
resolution  and  stability  can  be  achieved  by  electronically  merging  the 
operation  of  hundreds  of  individual  devices  than  to  optimize  the 
performance  of  any  one  single  device. 
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Mass  Spectrometer 


WESTINGHOUSE  MASS  SPECTROMETER 


As  an  example  of  a  completely  integrated  systems  enabling  new 
methods  of  gathering  chemical  information,  the  above  represents  a 
project  aimed  at  miniaturizing  a  mass  spectrometer.  The  key  functional 
advantage  of  this  device  is  its  universal  gas  sensing  potential.  Existing 
chemical  and  gas  sensors  rely  on  films  specifically  tailored  for  the  target 
chemical  species  and  suffer  from  (1)  volatile  performance  (short  shelf 
life)  and  (2)  cross  talk  (not  always  possible  to  get  a  film  that  only 
responsds  to  the  target  species).  The  key  manufacturing  advantage  to 
this  device  is  that  through  miniaturization  and  the  IC-based  fabrication 
processes  used  to  construct  the  device,  new  lows  can  be  achieved  in 
weight,  power  consumption,  size  and  cost.  A  critical  component  in  this 
project  is  the  miniaturized  pumping  system  that  will  bring  the  ionizing 
chamber  down  to  the  operating  vacuum  levels. 
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Uncooied  IR  Array 


HONEYWELL  UNCOOLED  IR  ARRAY 


New  types  of  imagers  will  change  the  type  and  increase  the  amount  of 
information  gathered.  Depicted  in  this  picture  is  an  example  of  one 
such  system  that  employs  suspended  bridges  of  a  material  whose 
resistance  changes  as  a  function  of  temperature.  As  the  individual 
element  absorb  IR  radiation  they  heat  up  and  their  individual 
resistances  change.  Since  the  change  in  resistance  is  proportional  to 
the  IR  energy,  arrays  of  such  elements  make  up  an  IR  imagers.  Dual- 
use  applications  for  such  an  imager  range  from  portable  night-vision 
devices  to  process  control  and  collision  avoidance  sensors  for 
automobiles. 


In  this  example,  the  network  of  sensors  is  more  cmciai  than  any  one 
sensor  in  the  network.  By  increasing  the  density  of  measurements  in 
both  the  spatial  and  temporal  dimensions,  a  profile  of  critical  physical 
parameters  can  be  formed.  In  addition,  by  simultaneously  sampling 
different  physical  parameters  at  these  positions  and  times,  correlations 
between  the  various  events  can  be  constructed  from  the  information 
gathered. 


In  contrast  to  the  development  of  commercial  wireless  systems,  the 
requirements  on  wireless  technology  generated  by  distributed  and 
unattended  sensing  systems  lead  to  large-scale,  low-bandwidth 
systems.  Advances  in  low-energy  signal  processing  and  distributed, 
multi-sensor  systems  provide  an  opportunKy  for  large-area,  distributed, 
low-bandwidth  wireless  systems,  in  contrast  to  the  cellular  wireless 
communications,  the  data  rates  to  or  from  any  one  particular  end  device 
are  very  low.  However,  the  combined  data  rates  and  coordination  of 
hundreds  or  thousands  of  such  devices  challenge  network 
establishment  and  maintenance  protocols.  Many  applications  will 
dictate  low-capacity  or  non-existent  energy  sources  in  the  end  radio 
devices,  leading  to  the  use  of  intermittent,  wake-up  broad-cast  power 
techniques  and  novel  communication  approaches.  For  example,  in 
environmental  monitoring  applications,  hundreds  of  disposable  end 
devices  with  on-board  sensing  and  wireless  components  would  be 
distributed  over  square  kilometers  of  area.  Activation  and  interrogation 
of  the  sensors/end  devices  would  be  controlled  remotely  and  would  be 
required  to  operate  at  intermittent,  sporadic  times  over  several  months. 


Tethered  water-borne  sensors 

1836-3-11  93-1 /R4- 9-93 


LOW-BANDWIDTH  DISTRIBUTED  SYSTEMS 

MAINTENANCE 


1-93-1 


Los  Angeles  electricity  metering 


resources 


Processing 


PENTIUM  CHIP? 


Processing  is  the  traditional, single  function  most  commonly  associated 
with  information  systems. 

Increasing  percentages  of  processing  cyde  will  be  tasked  by  the 
requirements  of  information  gathering  (distillation,  categorization ...)  and 
transformations.  Data  reduction  (filtering  of  raw  sensory  data)  alone  will 
require  increased  computations  rates,  but  will  also  be  increasingly 
special  purpose  and  local.  It  will  also  be  tasked  by  information 
execution.  Increasing  use  of  virtual  reality,  and  the  computations 
requirements  associated  with  model  manipulation  and  rendering 
present  tremendous  processing  demands  which  will  be  the  driver  for 
the  next  generations  of  microprocessors. 


special  Purpose  Signal  Processing 


RASSP  CHIP 


As  the  processing  requirements  of  information  systems  become 
increasingly  specialized,  fewer  total  devices  of  any  one  functionality  will 
be  designed  and  fabricated.  This  will  put  increased  load  on  the  design 
tools  for  special  purpose  processors  and  continute  to  blur  the 
distinctions  between  signal  processing  and  computation.  In  addition  to 
more  diverse  and  robust  tools,  a  concomitant  development  in 
fabrication  processes  will  also  be  required.  Fewer  total  devices  will 
lead  to  increased  demand  on  rapid  prototyping  and  low-volume 
production  techniques.  A  further  goal  is  to  exploit,  further  develop  and 
integrate  emerging  technologies  to  establish  state-of-the-art 
performance  and  reliability.  A  key  objective  is  to  reduce  the  total 
product  development  time  by  at  least  a  factor  of  four  while  making  a 
similar  improvement  in  product  quality.  The  effective  incorporation  of 
manufacturing  and  life-^de  requirements  early  in  the  design  process 
will  be  an  important  aspect  of  the  qu^ity  effort.  Also  important  will  be 
the  ability  to  insert  the  latest  available  technology  at  system  build  time 
and  to  incrementally  upgrade  the  system  throughout  its  life-cycle. 


Low-Power  Electronics 


SELF-CLOCKED  STRUCTURES 


DOUBLE-AREA  HALF  CLOCK 


As  information  systems  become  more  mobile,  power  consumption 
becomes  a  key  limiter  in  performance.  Two  approaches  to  this  problem 
reflect  different  ends  of  the  power  consumption  dimension;  one  is  to 
reduce  the  power  consumption,  the  other  is  to  increase  power  storage 
or  provide  for  power  conversion.  Novel  architectural  and  self-clocking 
schemes  are  employed  to  reduce  power  consumption  in  the  processors 
and  new  types  of  effident,  emmissive  visual  displays.  New  battery 
technologies  will  increase  the  power  storage  capability  and  increase  the 
operational  lifetime  of  information  systems.  Energy  conversion  and 
storage  are  also  clearly  enabling  technologies  since  in  many  situations 
we  have  a  lot  of  energy  around  but  I'rttle  of  it  is  available  in  a  form  we 
can  use  (soldiers  marching  around,  heat  being  dissipated  somewhere, 
bullets  [tremendous  amounts  of  stored  energy]).  One  of  the  more 
critical  factors  affecting  the  duration  and  extent  of  military  exerdse  is 
the  cost  of  batteries.  The  single  component  that  affects  the  use  of 
portable  information  systems  (camcorders,  cellular  phones,  laptops, ...} 
is  the  battery. 


General  Purpose  Processing 


TRENDS  IN  OPS/CYCLE 


SSTO  PROJECTS 


As  information  systems  move  increasingly  to  portable,  mobile  systems, 
increasing  amounts  of  computation  and  signal  processing  will  be 
handled  by  embedded  microsystems  with  special  purpose  processing. 
Less  and  less  demand  for  general  purpose  processors  with  varying 
application  programs.  Burned  in  functionality  specific  and  conformal  to 
pieces  of  hardware  will  be  the  norm  rather  than  the  exception. 


storage 


TRENDS  IN  DATA  STORAGE 


Storage  is  a  critical  function  for  a  Jeast  two  of  the  other  functions  on  the 
list:  processing  and  communication.  Without  data  storage,  gathered 
information  is  lost  and  certain  processing  steps  cannot  be  performed. 
Storage  and,  just  as  importantly,  the  retrieval  rates  of  data  enable  of 
disable  a  host  of  information  system  functions.  For  example,  hypertext 
functionality  and  acceptance  will  primarily  be  based  on  the  data  storage 
and  retrieval  technologies.  The  days  of  magnetic  storage  are  not  yet 
over,  but  even  as  we  reach  the  limits  of  magnetic  data  storage  new 
technologies  enable  improved  magnetic  or  completely  new  data  storage 
strategies.  For  example,  fundamental  limits  on  magnetic  storage  are 
arguable,  but  essentially  Tbits/sq  cm  are  not  unreasonable. 
Unfortunately,  predicted  read/write  rates  using  conventional  technology 
do  not  match  up .  Even  with  magnetic  techniques,  new  technologies  for 
moving  read/write  heads  or  media  will  be  called  for.  New  technologies 
will  then  enable  different  physical  effects  for  storage  including  tunneling 
current  sensing  of  physical  holes  in  the  storage  media.  Using  relatively 
conservative  numbers  (lOOA  holes  separated  by  100  A)  we  reach  Tbits/ 
square  inch  densities  with  hundreds  of  micronpositioned  read/write 
heads. 


Volatile  memory 


MTO  PROJECTS 

FLASH  CARD  TECHNOLOGY 


POINTER  TO  MASS  DATA  STORAGE 


How  do  I  get  my  information  from  here  to  there?  The  next  major 
revolution  in  information  systems  is  that  they  will  leave  the  desk  and  be 
a  part  of  things  that  move  with  us.  Technologies  that  will  have  an 
impact  are  conformal  electronics,  wireless  communications  and  low> 
power  electronics.  Negroponte  of  MIT  Medial  Lab  argues  that  new 
regulation  strategies  will  be  required  for  use  of  the  electromagnetic 
spectrum. 


Channels 


Wired  Channels 
bandwidths 
transmission  schemes 

Wireless  Channels 
bandwidths 
transmission  schemes 


Negroponte  of  MIT  Medial  Lab  argues  that  new  regulation  strategies 
will  be  required  for  use  of  the  electromagnetic  spectrum.  The  EM 
spectrum  will  become  to  precious  to  use  for  such  static  information 
communication  needs  like  television  broadcast.  Static  communication 
needs  can  in  theory,  be  infinitely  expanded  (bandwidth  in  the  ground). 
Need  more  bandwidth,  put  more  cables  in  the  ground. 


Wired  Information  Systems 


Internet 

Implications  for  distributed 
•information  data  bases 
•design  collaboration 
•virtual  organizations 
•distributed  manufacturing 
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The  EM  spectrum  will  become  to  precious  to  use  for  such  static 
information  communication  needs  like  television  broadcast.  Static 
communication  needs  can  in  theory,  be  infinitely  expanded  (bandwidth 
in  the  ground).  Need  more  bandwidth,  put  more  cables  in  the  ground. 
The  EM  spectrum,  which  is  non-renewable  will  be  used  solely  for 
mobile,  dynamic  communication  needs.  Free,  long-lasting  electrical 
energy  for  high-performance  information  systems  will  mean  less  and 
less  time  spent  on  desiging  control  boxes  for  things.  Use  example  of 
Red  Top  Cab  company  and  their  use  of  wireless  computers  to  improve 
taxicab  services  (rapid  response,  avoid  passenger  confusion,  fair 
distribution  of  assignments... ).  Wireless  networks  will  require  dynamic 
naming  conventions,  new  transmission  schemes,  integration  of 
positioning  and  tracking  technologies. 


Execution 


THE  OUTPUT  OF  INFORMATION  SYSTEMS 
visual  displays 
valves  turning  on  or  off 


Displays  are  the  most  obvious  and  importnat  execution  technology 
available  to  information  systems.  How  long  this  lasts  is  up  for  grabs, 
but  displays  will  likely  to  be  the  prindpal  means  for  interacting  with 
humans.  The  form  and  type  of  disfi^ays  will  change  (head  mounted 
displays  versus  static  desktop  display,  see-through  versus  occluding 
dispays),  but  they  will  be  displays  never  the  less.  Microdynamic 
devices  and  systems  offer  increased  control  over  the  environment  by 
enabling  information  execution  of  a  completely  different  type.  Rather 
than  display  a  flashing  ‘shut  off  valve  8”  on  a  video  screen,  the 
information  system  will  have  availade  to  it  the  means  of  executing  the 
shutoff  directly.  Not  only  will  MEMS  increase  the  number  and  the 
affordability  of  such  information  executors,  they  will  change  the  way 
such  executors  are  designed,  fabricated,  and  operated.  Coupling 
infoimation  systems  with  the  distributed  information  gatherers  and  the 
information  executors  will  enable  finer  grain  control  over  manufacturing 
processes,  environmental  monitoring  and  equipment  operation  & 
maintenance.  New  levels  of  reliability,  functionality  and  efficiency  will 
be  achieved  in  many  systems  Including  vehicles  (automotive, 
aerospace  and  maritime)  and  HVAC  (for  residential,  commercial  and 
industrial  buildings). 


Displays 


NON  VISUAL  DISPLAY 
MOBILE  INFORMATION  CONTEXT 
speech 
tactile 


Visual  displays  are  the  windows  onto  information  systems.  They  will 
continue  to  pace  the  development  of  static,  desktop  information 
systems.  High  definition  systems  are  the  integrated  hardware, 
software,  and  networks  that  enhance  the  data  used  to  make  decisions 
in  time-critical  military  environments.  Display  efforts  include  improved 
cathode  ray  tubes;  flat  panel  and  head-mounted  displays  using  active 
matrix  liquid  crystals,  electroluminescence,  plasma,  and  cold  cathode 
technologies;  projection  displays  using  digital  micro-mirrors,  liquid 
crystals,  and  laser  projection;  as  well  as  efforts  in  manufacturing  and 
enabling  technologies.  Display  processor  efforts  include;  development 
of  high  speed  video  processor  modules,  workstations,  high  bandwidth 
busses,  image  transmission  over  packet  networks,  and  a  high 
bandwidth,  digital  compressed  video  and  data  system  for  education  and 
training.  New  graphics  tools,  graphics  standards,  and  user  interfaces 
are  being  developed.  Research  on  virtual/augmented  environments 
and  scientific  visualization  is  being  conducted. 


High  Definition  Systems 


Xerox  6.3  Megapixel  Display 


Portable  Low-Power  Displays 


Emissive  Display  Example 
Stanford  Deformable  Grating  Display 


Non-Visual  Displays 
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In  the  same  way  that  MEMS  enable  revolutionary  advances  in  sensing, 
MEMS  will  enable  increased  control  over  the  enviroment.  MEMS  will 
increase  the  number  and  type  of  actuators,  providing  the  converse 
functionality  of  information  gathering.  MEMS  is  as  much  a  revolution  in 
the  way  we  make  electromechanical  systems  as  it  is  a  revolution  in  the 
size  of  electromechanical  systems.  The  three  key  aspects  of  MEMS 
are  miniaturization,  muitipiicity  and  microelectronics.  MEMS  will 
enable  monolithic  sensors,  actuators  and  electronics  all  integrated  on 
the  same  substrate  and  fabricated  using  the  same  processes.  This 
integration  will  lead  to  improved  and  new  functionality  including  self¬ 
calibration,  self-testing  and  the  ability  to  progamm  operational 
characteristic  after  fabrication.  In  addition,  the  multiplicity  inherent  in 
the  VLSI  fabrication  allows  for  alternative  design  approaches  that  are 
impractical  to  achieve  in  the  macro  domain.  As  an  example  of 
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An  excellent  example  of  the  new  type  of  electromechanical  systems 
design  enabled  by  MEMS  is  the  Tl  micro  mirror  display.  The  MEMS 
device  is  the  heart  of  a  high-definition  projection  display  systems.  The 
device  is  made  up  of  over  2  million  micro  mirrors,  each  of  which 
correspond  to  one  pixel  on  the  display.  Each  mirror  is  1 7  microns  by  1 7 
microns  on  a  side  and  is  suspended  by  flexural  support  beams  on  two 
of  the  diagonal  comers.  When  an  electrostatic  voltage  is  applied  to  an 
electrode  underneath  the  mirrors,  the  mirror  rotates  about  the 
suspension.  The  deformed  mirror  deflects  light  into  the  condensing 
optics  and  the  corresponding  pixel  is  on.  By  oscillating  the  mirror 
deflections  and  varying  the  duty  cycle  of  the  deflection,  gray-scale 
illumination  is  achieved.  By  synchronizing  the  deformations  with  a  color 
filter,  registered  color  displays  are  possible.  The  micromechanical 
mirrors  are  fabricated  on  top  of  an  SRAM  using  a  process  compatible 
with  the  microelectronics  fabrication.  Each  pixel  is  activated  by  loading 
a  logical  one  in  the  corresponding  memory  location,  with  pixel 
addressing  being  implemented  exactly  as  in  SRAM  addressing. 
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The  increased  mobility,  portability  and  miniaturization  of  information 
systems  coupled  with  the  increased  capability  and  availability  of 
miniature  sensing  and  control  devices  will  lead  to  an  increase  in  both 
the  numbers  and  affordability  of  both  military  and  civilian  smart 
systems. 
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Presentation  at  the  ARPA  Symposium,  24  June  1993,  Newport,  Rhode 
Island  *  The  Ultra  Dense,  Ultra  Fast  Computing  Components  Program 


Slide  #  1  -  Title  page 

Slide  #2  >  Computation  in  the  form  of  embedded  processing  or  stand-alone 
computers  is  crucial  to  present  and  future  military  systems  and  to  many 
commercial  sector  products.  Intelligent  personal  electronics  will 
increase  the  need  for  faster,  cheaper,  and  higher  density  computation  in 
the  future. 

Slide  #3  -  The  military  has  many  applications  for  which  real-time 
computation  needs  exceed  the  capacity  of  systems  with  sufficiently  small 
volume,  weight,  and  power  requirements.  Among  these  applications  are 
intelligence,  signal  processing,  image  analysis,  signal  analysis,  and 
scenario  modeling.  Electronic  components  being  developed  under  the  Ultra 
program  will  address  these  computation  needs. 

Back  to  Slide  #2  -Cost  has  been  the  major  driver  in  reducing  transistor 
size  in  the  past.  The  trend  has  been  for  the  cost  to  process  a  wafer  to 
stay  roughly  constant  with  the  shrinking  size  of  devices.  This  shrinking 
of  conventional  devices  has  given  us  great  advances  in  speed,  density,  and 
lower  power. 


However,  shrinking  conventional  devices  to  stay  on  the  performance 
growth  curves  has  a  limit.  Now  is  the  time  to  explore  alternative 
technologies  to  produce  fast,  denser,  higher  functionality  electronics. 
Both  electronic  and  photonic  concepts  needed  to  be  developed.  This  is 
what  the  ARPA  Ultra  program  is  about. 


Slide  #4  •  I  know  that  you  have  heard  in  the  past  that  the  critical  feature 
could  not  be  reduced  beyond  2  microns,  1  micron,  or  0.25  micron.  These 
arguments  were  and  are  primarily  economic.  The  desired  feature  size  was 
considered  to  be  too  expensive  to  produce  until  the  needed  technical 
breakthrough  was  made.  The  limit  to  conventional  FETs  which  I  am 
speaking  about  is  a  physics  limit.  As  the  critical  feature  size  drops  below 
0.1  micron  quantum  effects  become  increasingly  important  and  the  device 
performance  degrades. 
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Slide  #5  -  The  biggest  problem  for  FET  type  devices  in  the  sub-0.1  micron 
regime  is  subthreshold  leakage.  Cryogenics  will  help  reduce  this  problem, 
but  cryogenics  requires  additional  power  or  a  liquid  cryogen.  additional 
weight,  and  additional  volume.  For  some  applications  this  is  fine,  but  for 
person-portable  systems  this  is  a  severe  limitation.  Cryogenics  for  main 
frames  is  still  an  open  question.  The  Ultra  program  is  examining  both 
room  temperature  operating  devices  and  some  cryogenic  operating  devices. 
In  general  the  technology  must  be  interoperable  with  conventional 
technology  (voltages,  temperatures)  or  offer  sufficient  advantage  to 
warrant  nonstandard  operating  conditions.  Since  cryogenics  will  only 
help  conventional  devices  shrink  a  little  further  in  size,  we  go  back  to 
basic  physics  to  look  for  new  devices  to  continue  the  performance  and 
size  advances. 

As  we  look  for  new  devices,  we  must  keep  in  mind  that  the  new  technology 
must  be  manufacturable  and  affordable.  Any  new  technology  developed 
must  becost  competitive  with  the  best  silicon  components  of  the  future. 
Since  there  is  a  large  investment  in  silicon  processing  equipment  and 
considerable  knowledge  about  these  materials,  we  must  examine  whether 
there  is  a  way  to  leverage  existing  silicon  technology.  Another  issue  to 
consider  is  that  most  of  the  new  devices  proposed  are  not  identical  to 
conventional  transistors  in  their  operating  characteristics.  This  means 
that  the  technology  community  must  examine  and  optimize  circuit 
architectures  to  take  advantage  of  the  new  devices. 

Slide  #6  -  The  ARPA  Ultra  program  has  two  main  objectives:  (1)to  develop 
ultra  dense,  ultra  fast  electronic  and  optical  components  for  future 
generation  computing  and  (2)  to  develop  fabrication  technology  for  these 
components.  The  ULTRA  program  is  a  basic  research  program  exploring 
new  concepts  for  computation  devices  and  circuits.  The  ULTRA  program  is 
not  intended  to  incrementally  improve  conventional  electronics,  but  rather 
to  explore  and  demonstrate  concepts  for  taking  electronics  beyond  the 
functionality  and  density  that  conventional  electronics  can  reach  through 
size  reduction. 

Slide  #7  -  Ultra  is  the  most  long  range  of  the  ARPA  electronics  programs. 

It  pushes  new  concepts  for  electronic  and  photonic  devices  and  fabrication 
processes  beyond  what  the  SEMATECH,  Advanced  Lithography  Program, 
TOPS,  and  Photonics  Program  do. 


Slide  #8  -  I  have  challenged  the  device  and  circuits  community  to  create 
and  optimize  new  devices  which  are  tolerant  of  imperfect  manufacturing. 
Some  new  device  concepts  require  that  each  device  be  made  perfect, 
without  any  scattering  centers.  Devices  of  this  type  may  have  interesting 
physics,  but  will  not  make  good  technology.  Ultra  is  a  basic  research 
program  aimed  at  developing  technology.  The  second  challenge  that  I  have 
made  Is  to  the  fabrication  community  to  be  able  to  fabricate  perfectly  on 
the  nanometer  scale. 


Slide  #  9  - 

DARPA  is  sponsoring  innovative  research  in  the  following  5  areas: 

(1)  Terabit  Memory  Technology  -  Seminal  approaches  for  ultradense 
memories,  including  optical,  optoelectronic,  electronic,  and 
micromechanical  approaches  and/or  their  combinations.  Research 
concepts  which  will  lead  in  the  next  stage  to  the  development  of  terabit 
or  greater  density  memories  is  the  thrust.  The  goal  is  a  read/write 
memory  with  unlimited  endurance,  terabit  in  a  cm2  or  cm3,  and  extremely 
rapid  access  times. 

2)  Nanoelectronics  -  Invention  and  exploration  of  novel  electronic  quantum 
devices  and  circuit  architectures  including,  but  not  limited  to,  resonant 
tunneling  diodes  and  resonant  tunneling  transistors.  Combinations  of 
quantum  devices  with  conventional  transistors  are  acceptable  if  the 
resulting  circuit  has  a  significantly  improved  functional  density  over 
conventional  electronics.  The  device's  capabilities  are  explored  in 
circuits  in  addition  to  individual  device  performance. 

3)  Optical  Computing  •  Concepts  to  extend  the  capabiiities  and 
functionalities  of  optical  interconnects  through  the  use  of  optical  logic. 
Included  in  this  area  are  new  architectures  for  novel  chip,  module,  and 
computer  designs  that  are  enabled  by  optical  or  optoelectronic 
technologies.  In  addition  to  the  long  term  goal  of  an  all-optical,  free 
space  computer,  a  highly  intelligent  optical  interconnect  providing 
connectivity  among  highly  parallel,  low  cost  processors  is  to  be  pursued. 

4)  Interconnects  and  I/O  -  Devices,  components,  and  processing 
technologies  that  allow  integration  of  optical  and  optoelectronic 
interconnects  and  I/Os.  Included  in  this  area  are  1D  arrays,  2D  arrays,  3D 
assemblies,  and  wavelength  mux/demux  concepts  that  are  integrable. 


extendable,  and  scalable.  Device  packaging  and  reliability  issues  are  to 
be  emphasized.  Simplified  optoelectronic  interfaces  for  optimal 
conversion  of  data/signal  between  optical  and  electrical  domains  are 
being  investigated. 

(5)  Nanofabrication/nanotechnoiogy  -  This  area  includes  all  of  the  base 
technology  for  design,  fabrication,  and  test  in  support  of  the  above  4 
areas,  including,  but  not  limited  to:  process  modeling  for  optoelectronic 
structures  and  electronic  semiconductor  heterostructures;  selective  area 
deposition;  selective  and  anisotropic  etching;  selective  doping;  control  of 
abrupt  interfaces,  reproducible  growth  of  heterostructures  with  minimal 
variation  over  the  wafer;  3<dimensional  pattern  definition;  integration  of 
dissimilar  materials;  and  high  speed  measurement  and  test.  Fabrication 
techniques  to  be  explored  must  be  extendable  to  the  development  of  low- 
cost  realistic  manufacturing  equipment.  A  subsequent  phase  of  the  Ultra 
program  will  draw  from  this  work  to  develop  low  cost,  flexible 
manufacturing  tools  to  build  components. 

Slide  #10  •  The  Ultra  program  is  exploratory  in  nature.  Devices  using  any 
materials  systems  is  allowed  as  long  as  there  is  a  realistic  way  to 
fabricate  them. 

Slide  #11  •  Earlier  I  brought  up  the  question  of  whether  silicon  based 
nanoelectronics  is  possible.  Most  work  has  been  done  in  the  lll-V  system 
because  of  the  great  richness  of  lattice-matched  bandgap  engineering 
possible.  The  challenge  is  develop  some  of  this  type  of  flexibility  using 
silicon  substrates. 

Slide  #12  •  The  challenges  in  fabrication  for  nanoelectronics  are:  (1) 
cointegration  of  dissimilar  materials,  (2)  patterning  nanometer  features 
in  the  vertical  and  horizontal  directions,  (3)  high  yield,  high  uniformity 
growth,  and  (4)  development  of  flexible  processes  and  low  cost 
manufacturing  equipment 

Slide  #13  •  Most  of  the  quantum  devices  such  as  resonant  tunneling 
devices  have  the  nanometer  dimension  made  through  controlling  the 
growth  direction.  MBE  and  MOCVD  need  to  be  optimized  for  the  monolayer 
control  and  composition  control  needed  for  nanoelectronics.  Chemical  self- 
assembly  is  a  different  approach  to  fabrication  on  the  nanometer  scale. 

This  is  an  emerging  technology. 


Slide  #14  -  The  Ultra  program  is  exploring  several  device  types,  circuit 
architectures,  and  fabrication  techniques.  This  slide  lists  major  thrusts 

Slide  #15  -  The  Ultra  program  includes  contractors  from  industry, 
universities,  and  National  Labs.  A  wide  range  of  expertise  is  included  in 
the  program.  For  nanoelectronics  to  succeed,  multi-disciplinary  efforts 
are  needed. 

Slide  #16  -  The  Ultra  program  alms  for  major  advances  in  computation 
system  performance,  not  just  incremental  Improvement. 

Slide  #17  &  18-  I  would  like  to  finish  with  a  few  highlights  from  the 
Ultra  program.  Texas  Instruments  has  been  able  to  produce  a  large 
increase  in  functional  density  of  logic  gates  using  resonant  tunneling 
devices 

Slides  #19-24  -  Stanford  University  is  developing  a  nanoprobe.  This  is  an 
atomic  force  microscope  modified  to  sample  the  voltage  with  extremely 
low  capacitive  loading  of  the  circuit.  The  instrument  resolution  should  be 
better  than  50  nanometers  with  a  temporal  resolution  better  than  a 
picosecond. 

Slides  #25-27  •  Naval  Research  Laboratory  is  developing  nanochannel 
glass.  This  material  is  similar  to  that  in  quartz  channel  plates  except  the 
glasses  are  being  optimized  for  hole  diameters  down  to  5  nanometers.  The 
nanochannel  glass  has  applications  in  deposition  and  patterning  of 
nanostructures. 

Slides  #28-29  -  Yale  University  and  the  University  of  South  Carolina  are 
developing  self-assembled  molecular  wires. 

Slide  #30  -  The  University  of  Illinois  has  developed  e-beam  resists  of 
oxide  films  capable  of  producing  5  nanometers  holes  on  8  nanometer 
centers. 

Slide  #31  -  CalTech  has  developed  an  artificial  retinue  using  resonant 
tunneling  devices.  The  edge  detector  is  implemented  in  far  fewer  devices 
than  is  possible  in  conventional  silicon  technology. 
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Scanning  Force  Microscope 
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Ginzton  Laboratory,  Stanford  University 
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E.  L  Ginzton  Laboratory,  Stanford  University 
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Proposed  SFM  Sampling  System 
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Keynote  Address 

Honorable  William  J.  Perry,  Deputy 

Secretary  of  Defense 


Keynote  Speaker 

Dr.  William  Perry,  Deputy  Secretary  of  Defense 

Wednesday,  June  23, 1993 
ARPA  16th  Systems  and  Technology  Synqrosium 


Dr.  Gary  Denman,  Directw  ARPA: 

*Tt  is  my  privilege  to  welcome  our  keynote  speaker  this  afternoon.  Dr.  William  Perry.  Dr. 
Perry  was  appointed  Deputy  Secretary  of  Defense  in  March  1993.  He  returns  to  the  DoD  ^ving 
served  as  the  Director  of  Defense  Research  and  Engineering  from  1976  to  1981.  He  has  extensive 
experience  in  the  industrial  sector  including  senior  positions  at  Hamper  and  Quest,  as  well  as 
senior  position  and  founder  of  ESL.  He  serves  on  numerous  advisory  boards  as  a  member  of  the 
National  Academy  of  Engineering  and  a  fellow  of  the  American  Academy  of  Arts  and  Sciences. 
Please  give  an  ARPA  welcome  to  the  Honorable  William  Perry.” 

Dr.  William  Peny,  DepuQ'  Secretary  of  Defense: 

“In  consideration  of  the  subject  of  this  conference  and  ARPA  being  the  ^nsor  of  this 
conference,  I  decided  to  prepare  my  talk  on  around  two  related  themes:  technology  and  change.  I 
would  like  to  start  by  illustrating  both  of  tho%  diemes.  The  first  (me  ctxnes  fr«n  Dickens’  Martin 
Cheserwet:  “You  ba.ve  come  to  visit  our  country,  sir,  at  a  time  of  great  depression’,  said  the 
Major.  ’At  an  alarming  crisis’,  said  the  Colonel.  ’At  a  time  of  unprecedented  stagnation’,  said  Mr. 
Jefferson  Brick.  ’Well,  I’m  sorry  to  hear  that*,  said  Martin,  ’It’s  not  likely  to  last,  I  hope’.  ’Oh 
no’,  said  the  Major,  ’I  expect  we  should  get  along  somehow  and  come  right  in  the  end.’  ’We  are 
an  elastic  country’,  said  die  Colonel.  ’We  are  young  lions’,  said  Mr.  JeSerson  Brick.  ’We  have 
reviving  and  invigorating  principles  within  ourselves’,  observed  the  Major.”  The  invigorating  and 
reviving  principles  we  have  within  ourselves  in  this  country,  I  believe,  is  technology.  So  my 
Dickens  quote,  which  was  not  intended  to  be  on  technology  ^  Dickens,  is  by  me  illustrating  the 
technolo^  theme.  The  second  is  a  quote  from  John  F.  Keim^y,  who  said  “Change  is  the  law  of 
life.  And  those  who  l(X)k  only  to  the  past  or  die  present  are  certain  to  miss  the  future.”  Since  its 
creaticm  in  1958,  ARPA  has  always  Icmked  to  the  future.  I’ve  always  considered  ARPA  to  be  die 
crown  jewels  of  the  Defense  Department  because  of  its  vision  of  the  future  and  because  of  its 
creative  and  persistent  exploitaticm  of  innovadve  ideas  that  take  us  into  die  future.  The  goal  of  this 
symposium,  of  course,  is  on  the  future  and  the  objective  is  to  give  you  some  insight  as  to  the 
potential  futures  in  the  Defense  Department,  particularly  as  concerns  future  defense  technology. 
The  future  in  the  Department  of  Defense  is  not  only  being  influenced  by  technology,  it’s  being 
profoundly  influenced  ^  dramadc  changes  in  die  wc^d  environment,  priinarily  as  die  result  of  die 
end  of  the  Cold  War.  One  manifestation  of  those  changes  is  the  v(^  dramatic  reduction  in  the 
defense  budget  Our  budget  has  already  decreased  30  percent  since  its  peak  in  1986  in  real  terms 
and  is  likely  to  go  to  pertuqis  40  percent  decrease  the  mid- 1990s. 

A  manager’s  primary  task  is  managing  change.  The  most  difficult  and  greatest  challenge 
any  maimger  faces  is  managing  change  brought  about  by  reduction  or  downsizing.  That’s  true 
whether  you  are  managing  an  industry,  university  or  Government  Managing  downsizing  is  the 
most  difficult  challenge  for  a  manager  and  historically,  at  least  in  the  Defense  Department  we 
always  have  gotten  it  wrong.  After  die  second  World  War  when  we  had  a  major  downsizing,  we 
managed  it  so  ptxrrly  that  nve  years  after  having  the  most  powerful  army  in  the  world,  we  were 
almost  thrown  off  die  Greenland  peninsula  by  an  third  rate  (x>untry  known  as  North  Kcnea.  A^r 
the  Vietnam  War  and  five  years  after  we  began  that  downsizing,  we  had  what  General  Shomeyer 
called  a  “hollow  army.”  And  now  we  are  trying  to  manage  the  downsizing  after  the  end  of  the 
Cold  War,  and  this  time  we  are  going  to  try  to  get  it  right.  But  history  is  against  us  and 


1 


psychology  is  against  us  and  so  we  have  to  work  very,  very  hard,  indeed,  to  get  it  right  to  avoid 
the  hollow  force  and  to  avoid,  along  with  a  hollow  force,  a  hollow  industiy.  Ctoe  way  to  do  this  is 
by  maintaining  those  features  that  gave  us  a  special  compedtive  edge  --  ^e  kind  of  edge  that  we 
saw  in  Desert  Storm.  To  borrow  a  term  firom  the  business  world,  what  we  want  to  do  is  maintain 
an  unfair  compedtive  advantage  over  any  military  force  that  we  might  have  to  face  in  the  future. 
Based  on  the  lustory  of  Desert  Storm,  I  would  observe  that  there  are  at  least  three  components  to 
that  competitive  advantage.  The  first  of  those  is  our  advantage  in  people,  leadership,  '^e  second 
is  fhe  advantage  of  the  rea^ess  of  our  forces.  And  the  third  is  our  advantage  in  technology. 

Today,  I  am  going  to  focus  most  of  my  discussions  about  that  third  advantage,  namely,  the 
technological  advantage.  The  first  problem  in  maintaining  that  advantage  is  recognizing  that  most 
of  the  advantages  in  our  deployed  military  fences  and  most  of  the  technological  advantages,  come 
firom  our  defense  industiy,  that  is,  the  technologies  embodied  in  our  defense  industiy.  Tha^foie, 
one  of  the  greatest  challenges  we’ll  have  is  to  avoid  this  industry  becoming  hollowed  out  by  the 
dramatic  changes  in  the  size  of  the  market  I  talked  about  a  40  percent  reduction  in  the  defense 
budget  That  is  a  smaller  decrement  than  industry  has  to  confiront  Because  we  have  already  had  a 
SO  percent  decrease  in  the  procurement  count  and  that  decrease  is  likely  to  go  to  60-65  pocent  by 
the  mid-1990s.  You  are  looking  at  almost  a  two-thirds  decrease  in  the  size  of  the  ma^et  that  is 
available  to  the  defense  industry.  This  is  an  enormous  challenge  for  managers  in  the  defense 
industiy  and  an  equal  challenge  for  the  managers  in  the  Defense  Department  to  try  to  preserve  the 
vitality  and  the  effectiveness  of  our  industiy  at  this  much  smaller  level  I  don’t  have  any  doubt  that 
the  so^er  industry  could  be  effective.  The  difficulty  is  in  managing  the  transition,  getting  to  that 
smaller  size  without  crippling  the  industry  on  the  way. 

I  want  to  suggest  some  things  that  can  be  done  to  meet  this  challenge  and,  primarily,  to 
focus  on  how  technology  can  be  used  to  meet  this  challenge.  The  Defense  D^aitment,  first  of  all, 
has  to  make  some  hard  decisions  about  its  R&D  budget  We  want  to  protect  our  technological 
advantage;  we  have  to  protect  the  technology  base  portion  of  our  defense  budget  1  have 
commit^  to  the  President  and  to  the  Congress  to  do  wlm  I  can  to  see  tiiat  that  happens.  We  have, 
for  example,  in  the  fiscal  94  budget  an  enormous  cut  in  the  procurement  budget  -  17  percent 
proposed.  On  the  other  hand,  the  R&D  budget  is  maintained  essentially  flat  This  is  one 
ma^estation  of  our  attempt  to  maintain  a  robust  research  program  in  the  face  of  this  dramatic 
decline  in  die  top  line.  Industry  also  has  to  make  some  hard  decisions  rdative  to  its  R&D  program; 
in  particular,  they  have  to  decide  whether  they  can  sustain  their  independent  R&D  program  in  the 
face  of  the  decline  of  their  business  base.  Indus^’s  ability  to  provide  low-cost  high-quality 
product  and  ioqitoved  processes  depends  oa  maintaining  a  vigorous  R&D  program. 

Let  me  give  some  examples  of  the  ways  I  think  technology  is  going  to  be  very  impentant  to 
this  process  in  the  future.  Instead  of  focusing  on  products  that  come  out  of  the  Defense 
Depiulment  let  me  instead  focus  on  manufacturing  and  design  process.  I  believe  that  our  future  in 
defense  is  going  to  hinge  on  dramatic  improvements  in  our  design  and  manufacturing  process,  and 
that  the  key  to  Aat  eflfoit  is  through  applications  of  advancements  in  information  techirology.  It  is  a 
weU-known  cliche  that  we  are  on  the  verge  of  paperless  manufacturing  and  paperless  derign,  but 
we  have  to  transform  the  rhetoric  into  reali^.  Many  companies  are  trying  to  do  titis  today.  Many 
companies  are  forming  integrated  design  manufacturing  teams  where  Aey  bring  engineers  and 
manufacturing  together  at  the  very  beginning  of  a  project  and  where  the  entire  flow  of  ideas, 
designs  and  standards  is  embodied  in  the  computer  and  not  through  blueprints  and  documents. 
This  type  of  approach  will  greatly  reduce  production  costs  and  development  times,  especially  by 
dramatically  r^ucing  the  need  for  rewoik,  which  costs  both  time  and  money.  It  also  will  make  it 
much  easier  to  do  concurrent  engineering,  where  the  manufacturing  staff  participates  by  pointing 
out  possible  manufacturing  designs  or  shortcuts  early  in  the  process  ~  not  after  it  is  too  late. 
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If  we  now  look  from  the  companies  back  to  the  Defense  Department,  we  see  that  our  entire 
acquisition  system  is  awash  in  paper,  and  the  application  of  modem  information  technology  is  one 
of  the  major  challenges  we  face  to  deal  with  our  problem.  We’ve  been  struggling  to  do  £at  since 
1985  through  the  computer-aided  acquisition  and  logistics  support  prograno.  ^  the  next  few  years, 
we  have  to  get  out  of  the  struggling  phase  and  into  the  achievement  phase  on  costs;  that  would  be 
one  of  my  primary  objectives  in  overseeing  the  acquisition  system. 

The  second^  I  would  like  to  point  out  to  you  of  importance  in  the  application  of 
technology  is  applying  it  to  commercial  products,  that  is  defense  companies  rq)plying  technology 
develops  on  defense  programs  to  commercial  products.  Last  week,  I  spent  a  day  at  the  Hughes 
Aircraft  Company,  which  has  many  programs  underway  that  could  be  describe  as  “defense 
conversion.”  They  don’t  use  that  term  by  the  way,  they  use  the  term  “defense  diversification.”  (I 
think  that  may  be  in  response  to  the  bad  name  the  defense  conversion  got  not  only  from  the  history 
of  failures  but,  more  recently,  from  Norm  Augustine's  paper  on  foreign  affairs  where  he  cripted 
that  the  “defense  conversion  is  unblemished  by  success.”)  It  may  be  unblemished  by  success,  but 
our  defense  diversification  efforts  are  already  off  and  running  and  indicating  very  great  prospects 
for  success.  Hughes,  for  example,  has  modified  a  heads-up  display,  wMch  is  developed  for 
fighter  aircraft,  and  is  now  using  it  for  police  cars  in  a  very  creative  and  irmovative  fashion.  They 
are  noodifying  some  of  their  radv  technology  for  use  in  school  buses  to  protect  the  children  as  they 
get  on  and  off  the  bus.  They  are  working  on  electric  cars.  I  had  the  pleasure  of  driving  one  of 
dreir  electric  cars  and  the  image  that  you  get  from  driving  a  golf  cart  is  t^  wrong  image.  IDus  little 
electric  car  they  have  has  so  much  pick  up  that  I  almost  got  whiplash  as  I  drove  down  the  street  in 
it;  it’s  a  very  impressive  automobile.  And,  indeed,  they’re  wor^g  on  application  of  some  of  the 
satellite  technology  to  direct  access  home  TV.  These  kinds  of  ^plications  will  be  key  in  helping 
the  defense  industry  to  diversify. 

In  general,  I  believe,  that  the  diversification  in  defense  companies  would  be  best  done  not 
through  trying  to  develop  consumer  products,  but  rather  by  developing  products  which  could  be 
called  ini^tructure  products:  developments  in  the  transportation  systems,  energy  systems, 
telecommunications  systems,  food  processing  systems.  The  technology  that  is  requirol,  the 
management  skills  that  are  requir^,  the  marketing  skills  that  are  required  are  much  more 
cooqratihle  with  those  skills  emb^ed  in  the  defense  ccmpanies  in  trying  to  maicp.  a  very  large  letq) 
into  consumer  products. 

We  have  the  question  in  the  Defense  Department  -  since  we  believe  it  is  not  only  to  the 
defense  industry  advantage,  but  to  the  Dq)artment’s  advantage  to  promote  diversification  —  what 
can  we  do  in  the  Department  to  stimulate  diversification?  The  first,  and  most  obvious,  is  to  allow 
the  defense  cooparues  much  greater  freedom  in  tiieir  use  of  independent  research  and  development 
money.  I  have  directed  that  toe  supervision  in  the  IR&D  program  that  those  funds  should  be  used 
for  toe  development  of  commercial  products  as  well  as  the  development  of  defense  products. 
Basically,  I  am  saying  that  diversificatton  is  an  objective  of  the  Defense  Department  and,  thoofore, 
diversification  programs  are  suitable  vehicles  for  the  independent  research  and  development  c^ort 
The  second  is  we  have  put  a  very  sharp  focus  on  toe  DoD  IR&D  programs  to  dual-use  efforts  or 
trying  to  emphasize  du^-use  efforts.  In  toe  fiscal  94  budget,  we  will  be  approaching  $2  billion 
worth  of  programs  that  are  basically  dual-use  technologies.  The  companies  that  win  these 
contracts  will  have,  therefore,  a  techiucal  base  from  which  they  can  diver^fy.  ARPA,  of  course, 
is  playing  a  major  role  in  these  dual-use  technologies,  among  other  thin^  tirough  their  so  called 
Technology  Reinvestment  Program.  This  program  is  being  managed  by  ARPA  along  with  other 
Government  agencies  and  toe  purpose  is  to  explicitly  promote  and  suppon  diversification  by 
providing  SO  percent  funding  for  those  projects  that  have  both  an  application  to  defense  and  a 
defined,  specific  application  to  commeicid  products. 
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A  third  action  that  we  could  take  in  the  Defense  Department  to  support  diversification  is  to 
reform  the  defense  acquisition  system.  That's  going  to  involve  making  dramatic  changes  in  the 
way  we  administer  military-unique  speciHcations,  contract  procedures  and  security  procedures.  In 
each  of  these  three  cases,  we  have  instituted  a  unique  way  of  doing  business  in  the  Defense 
Department,  and  diese  unique  i^edures  have  created  barriers  between  defense  components  and 
commercial  components  of  business  even  in  the  same  con^any.  Our  objective  will  be  to  remove 
these  barriers  so  companies  can  proceed  on  both  commercial  and  defense  business  with  more  or 
less  the  same  regulations  and  procedures  governing  them.  This  reduction  of  barriers  will  have  two 
very  great  benefits.  The  first  is  that  it  w^  greatly  facilitate  companies  ability  to  diversify,  that  is 
defense  companies  being  able  to  develop  and  pi^uce  commercial  products.  It  will  also  have  a 
very  direct  l^nefit  to  the  Defense  Department  in  the  sense  that  it  will  dramatically  reduce  the 
ov^ead  costs  that  are  associated  with  instituting  and  administrating  these  three  barriers. 

I  don’t  have  time  today  to  go  into  details  on  this  reform  program,  but  I  will  sketch  out  a 
few  specific  near-term  actions  that  are  undaway.  The  first  of  them  has  to  do  with  specifications. 
We  are  in  the  process  of  changing  from  military-unique  specifications  to  industrial-standard 
specifications  by  changing  the  preference  rules.  The  preference  today  for  the  Program  Manager  is 
to  use  military  specifications;  if  he  wants  to  deviate  ^m  military  specifications,  he  may  do  so  by 
getting  a  waiver.  Our  proposal  is  to  change  that  so  that  the  preference  would  be  to  use  industri^ 
spe^cations.  If  a  program  wants  to  deviate  to  use  milita^  specifications,  he  could  do  that  by 
getting  a  waiver.  It  seems  to  be  putting  the  system  on  its  head  but  I  would  point  out  to  you  that  in 
many  cases  the  use  of  MIL  SPECS  increases  costs  by  SO  pen^nt,  100  percent  and,  in  some  cases, 
in  integrated  circuits  as  much  as  a  thousand  pocent  a^  the  principle  is  if  you  are  going  to  invoke  a 
more  costly  way  of  doing  the  job,  you  have  to  get  a  waiver  to  do  it.  There  may  be  a  compelling 
reason  why  you  need  to  expend  that  extra  cost,  but  the  burden  of  the  proof  will  on  the  Program 
Manager. 

Secondly,  we  propose  to  make  substantial  changes  in  the  laws  and  regulations  that  cover 
defense  contracting.  The  goal  of  these  changes  will  be  to  make  our  acquisition  system  more  like 
commercial  a^uisition.  '^s  is  going  to  take  scxne  time  to  implement  the  laws  that  are  specific  to 
federal  acquisituxi  and  to  defense  acquisition  are  a  multitudeness  You  might  say  that  the  barnacles 
on  a  ship  ^ve  been  building  up  over  the  last  40  or  50  years  and  we  are  not  going  to  shake  tiiem  off 
ovemi^t,  but  we  are  going  to  start  scraping  them  off  and  we  are  going  to  start  this  summer.  We 
are  going  to  be  building  our  proposals  for  acquisiticm  teftmn  on  the  sos^Ued  Panel  800  Findings, 
a  study  that  was  done  under  the  leadership  of  the  Defense  Systems  Management  College  over  Ae 
last  few  years.  The  immediate  and  sp^tific  change  we  be  requesting  is  authority  to  use 
commercial  acquisition  approaches  for  all  buys  of  commercial  products  --  seems  like  a  straight 
forward  and  obvious  thing  to  do,  but  we  have  not  been  ddng  it  -  and  authority  to  use  comnoeicial 
acquisition  procedures  on  bu^s  under  a  $100,000.  Both  of  these  sound  like  small  potatoes 
compared  witii  the  major  acquisitions  we  have  underway  in  defense  today,  but  that  little  change  I 
am  Ascribing  to  you  would  dramatically  sin^lify  the  process  we  and  contractors  use  on  more  than 
150,000  contracts.  So  the  cost  savings  will  be  very  very  substantial  by  just  those  changes  alone. 
And  finally,  we  will  be  looking  at  changes  that  will  apply  to  major  acquisitions  systems  as  well  I 
don't  expect  these  changes  to  be  made  overnight  I^t^,  what  we  are  proposing  to  do  there  is 
undertake,  beginning  this  summer,  four  or  five  pilot  programs.  These  will  be  large  acquiations 
system.  The  purpose  of  the  pilot  program  will  be  to  demonstrate  that  substantial  savings  can  be 
made  if  we  waive  certain  laws.  Pilot  pro^ams  will  go  to  the  Congress  and  say  for  these  programs 
we  want  the  authority  to  waive  the  foUowing  specific  laws.  We  believe  that  Congress  w^  give  us 
that  authority  on  a  pilot  program  basis  and  then  we  will  be  able  to  demonstrate  through 
performance  that  (1)  we  really  can  make  substantial  cost  savings,  and  (2)  we  can  do  it  in  such  a 
way  that  protects  Ae  public  trust 


4 


I  fully  understand  that  acquisition  form  is  going  to  be  very  difficult  Over  the  decades, 
there  have  b^n  countless  panels  and  commissions,  teards,  that  have  recommended  ways  to 
reform  the  defense  acquisition  system.  My  predecessors  promised  reform  and  all  of  them  have 
failed,  and  that  raises  a  very  understandable  question:  “Why  do  I  believe  that  we  might  be  able  to 
succeed  today  in  the  face  of  this  history  of  failure?”  I  offer  two  reasons  why  the  situation  today 
may  be  different  First  is  the  point  I  already  made  which  is  dramatic  cuts  in  the  defense  budget  In 
a  very  perverse  way,  those  cuts  has  opened  up  a  window  of  opportunity  for  reform.  That  is,  they 
have  backed  us  into  a  earner  where  we  have  to  make  reform  or  we  will  be  facing  a  catastrophic 
situation  in  not  having  enough  money  to  buy  even  the  most  fundamental  modernization 
components  for  our  systems.  The  second  point  is  that  we  have  a  team  now  that  believes  in  reform 
and  is  committed  to  reform.  We  have  leadership  in  the  case  of  Secretary  Aspin  and  President 
Clinton,  who  are  not  only  permitting  me  to  reform  the  system,  they  are  denianding  that  I  reform  it. 
We  have  key  members  in  Congress,  in  particular,  the  leadership  in  the  House  and  Senate  Arms 
Services  Committee  who  are  pushing  for  reform.  All  in  all,  we  do  have  today  the  political 
environment  not  that  forces  reform,  but  that  permits  it  to  happen  if  we  are  bold  enough  and 
energetic  enough  to  seize  this  opportunity.  Within  the  Defense  Department,  the  team  that  is 
forming  under  John  Deutch,  the  Undersecretary  for  Acquisition,  believes  in  this  committed  reform; 
Colken  Preston  is  now  the  newly  appointed  Undersecretary  of  Acquisition  Reform;  Anita  Jones, 
tire  new  DDR&E;  Gary  Denman.  Tliis  whole  team  is  dedicated  to  and  committed  to  improving  this 
system. 

Over  a  hundred  years  ago,  Victor  Hugo  said  “More  powerful  than  a  tread  of  mighty  armies 
is  an  idea  whose  time  has  come.”  I  believe  tim  the  idea  of  acquisition  reform  has  come,  lliis  is  its 
time,  and  we  really  intend  to  make  it  happeiL  I  started  off  with  a  quote  from  Charles  Ddekens  and  I 
want  to  conclude  with  a  quote  from  another  English  author,  Lewis  Carroll,.  In  Alice  in 
Wonderland,  there  is  a  scene  where  Alice  tells  the  queen  “Oh  there’s  no  use  trying.  One  can’t 
believe  impossible  things.”  To  which  the  queen  replies,  “I  dare  say  you  haven’t  had  much 
practice.  I’ve  believed  in  as  many  as  six  impossible  things  before  breakfast.”  I’m  only  asking  you 
to  believe  two  impossible  things.  Frrst  is  the  defense  industry  can  diversify,  and  the  second  is  tirat 
we  can  reform  the  defense  acquisition  system.  With  the  help  of  the  best  acquisition  professionals 
in  the  Defense  Department  and  the  support  of  the  executives  of  defense  industry,  we  may  just  be 
able  to  do  those  two  impossible  things. 

Thank  you  very  much.” 
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.  utilization  of  sensor  data  with  appropriate  control  theory  for  the 
real  time  correction  and  control  of  the  manufacturing  process. 


SOLID  FREEFORM  MANUFACTURING 
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FREEFORM  MANUFACTURING 


iponent  Demonstrations:  Mechanical  Test  Specimens,  Ceramic  Turbine 
Rotor,  Metal  Matrix  Electronic  Packaging,.... 


FREEFORM  STATE-OF-THE-ART 

(as  contrasted  with  mass  manufacturing) 
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Functionally  Gradient  Materials:  Variable  composition  capability, 

Not  demonstrated  as  yet 

Machines:  Assembly  of  discrete  parts  (ie.  gear  assemblies) 

has  been  demonstrated! 


SMART  MATERIALS.  DEVICES.  AND  STRUCTURES 


ELECTROCHEMICAL  POWER  SOURCES 


Technology  Reinvestment  Program  (Advanced  Batteries  and 
Vehicle  Alternate  Power  Sources) 


FY94  BATTERY  TECHNOLOGY  BAA 
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c)  Portable  electronics  vs  EV. 


LOGISTIC  FUEL  CELL  PROGRAM 
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CERAMIC  FIBER 
PRECOMPETITIVE  CONSORTIA 


ADVANCED  RESEARCH  PROJECTS  AGENCY 
3701  NORTH  FAIRFAX  DRIVE 
ARLINGTON,  VA  22203-1714 


MEMORANDUM  FOR  dsO  “  HUT 

SUBJECT:  Clearance  of  Paper/Report/Speech  for  Open  Publication 


Reference  is  made  to  the  following  material  submitted  for 
clearance  for  open  publication: 

APPLIED  SCIENCES 


jQfyw  The  above  referenced  material  was  cleared  for  open 
plication  ^  O^D(PA)  on  30^  Case  No._Q3^gy.^ .... 

All  copies  should  carry  the  following  Distribution  Statement  'A" 
as  follows: 

APPROVED  FOR  PUBLIC  RELEASE 
DISTRIBUTION  UNLIMITED 


publication 
should  c 


al  WAS  NOT^CLBARED  for  ^ 
owing  Distribtf^on  Statement  as  follows; 


Technical  Information  Officer 


Attachments 


<LC:  l<! 


The  Applied  Sciences  Division  will  initiate  a  number  of  new 
programs  in  FY  94;  (1)  optical  fiber  communication  technology,  (2) 
modeling,  simulation  &  control,  (3)  holographic  data  storage,  (4) 
flexible  laser  tooling,  and  (4)  advanced  bio-medical  technology. 
We  will  describe  briefly  a  few  of  these  programs. 


The  objective  of  the  optical  fiber  communication  technology  is  to 
dramatically  improve  the  performance  of  the  network  by  moving  away 
from  mostly  electronic  components  to  almost  all-optical  devices. 

So  instead  of  converting  the  carrier  from  photonic  to  electronic 
format  to  perform  the  switching  and  regeneration,  the  goal  to  is 
avoid  the  electronic  bottleneck  and  transmit  information  by 
photons  end-to-end. 


The  bandwidth  capacity  at  1.3  and  1.55  micron  is  almost  30  THz. 

One  way  to  increase  the  bandwidth  capacity  is  to  transmit 
information  in  parallel  channels.  By  using  wavelength-division- 
multiplexing,  one  may  dramatically  increase  the  network 
performance.  A  totally  new  class  of  devices,  architecture  and 
protocol  will  have  to  be  developed  to  implement  this  multiplexing 
scheme.  Another  new  format  of  transmission  is  to  use  very  short 
pulses,  tens  of  picosecond,  to  carry  the  information.  An  example 
is  soliton  which  is  a  kind  of  nonlinear  propagation  with 
dispersion  exactly  cancells  out  nonlinearities.  These  two  schemes 
together  with  others  will  be  investigated  in  this  program. 


The  applied  and  computational  mathematics  program  develops  basic 
techniques  in  simulation  and  modelling  for  a  wide  range  of 
applications.  Examples  are  wavelets  for  data  compression  and 
signal  processing,  and  fast  multipole  method  for  solving 
electromagnetic  scattering  problems  in  complex  structures.  In  FY 
94,  a  new  program  in  simulation  and  modelling  will  be  initiated 
with  emphasis  in  lithographic  process  and  advanced  material 
processing.  The  goal  is  to  develop  advanced  computational 
algorithms  to  simulate  the  manufacturing  process  and  to  cut  down 
the  nximber  of  prototype  cycles  and  therefore  reducing  cost. 


The  compact  lasers  has  different  components  but  it  essentially 
supports  both  military  and  commercial  applications.  The  ongoing 
programs  support  infra-red  countermeasure  and  laser  radar.  A  new 
program  in  FY  94  will  emphasize  the  application  of  diode-pumped 
solid  state  lasers  for  manufacturing.  The  combination  of 
wavelength  diversity,  size  and  weight,  high  beam  quality  will 
enable  a  totally  new  class  of  machine  for  cutting/drilling, 
welding  and  surface  treatment  of  materials. 


Applied  Sciences  /  DSO 
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FY  94  New  Starts 


GLOBAL  GRID  TECHNOLOGIES 


TIME  (FY) 


Bandwidth  Capacity  of  Single-Mode  Fiber 


Wavelength  (nm) 


APPLIED  AND  COMPUTATIONAL 
MATHEMATICS  PROGRAM 
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Payoffs:  Methods  &  Codes  Targeted 
at  Specific  Critical  Applications 


MODELING,  SIMULATION,  AND  CONTROL 
FOR  ADVANCED  MATERIALS  PROCESSING 
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Foster  collaboration  between 
modeling/simulation/control  and 
materials  processing  industry 


rV-B  Microelectronics 
Mr.  Sven  A.  Roosild 


s 


s 


3701  N.  Fairfax  Drive 
Arlington,  V A  22203-1714 
(703)  696-2235 
SROOSILD@ARPA.MIL 


ADVANCED  RESEARCH  PROJECTS  AGENCY 
3701  NORTH  FAIRFAX  DRIVE 
ARLINGTON.  VA  22203-1714 


June  21,  1993 


MEMORANDUM  FOR  jjjq  -  ROOSILD 

SUBJECT:  Clearance  of  Paper /Report /Speech  for  Open  Publication 

Reference  is  made  to  the  following  material  sulxnitted  for 
clearance  for  open  publication: 

MICROELECTRONICS  TECHNOLOGY  OFFICE 


xxxxx  above  referenced  material  was  cleared  for  open 

publication  by  OASD(PA)  on  ■■  jun-  1903, _ »  Case  No.9Jus-iQ4n 

All  copies  should  carry  the  toTlowing  distribution  Statement  "A" 
as  follows: 


APPROVED  FOR  PUBLIC  RELEASE 
DISTRIBUTION  UNLIMITED 


_  The  above  re^wenced  mat^r;ia4-  WAS  NOT  CLEARED  for^opSiT 

publication  by  QASd(  PA) ,  Cas^^JffdTI _ ^^.--Arrcopies 

should  carry  the  following-^lJistribution  Statement  as  follows 


Winn 

Technical  Information  Officer 


Attachments 


Microelectronics  Technology  Office 
Sven  Roosild,  Acting  Director 


ARPA/MTO 

3701  N.  Fairfax  Drive 
Arlington,  Va  22203-1714 


It  is  my  pleasure  to  be  here  today  to  give  you  an  overview  of 
the  activities  of  APRA's  Microelectronics  Technology  Office  (MTO) . 

overview  presentation  will  be  followed  by  two  more  detailed 
talks  that  address  relatively  new  programs  in  MTO;  the  ULTRA 
program  (ultra-dense,  ultra  fast  computing  components)  and 
Flexible  IRFPA  Manufacturing. 

Fig.  1 

MTO  programs  fall  into  three  broad  categories: 
Microelectronics  Beyond  Silicon  —  investigations  into 
semiconductor  technologies  that  overcome  the  performance 
limitations  of  conventional  silicon  based  technologies; 
Microelectronics  Manufacturing  —  efforts  that  primarily  focus  on 
today's  limitations  in  semiconductor  components  manufacturing;  and 
Infrared  Focal  Plane  Arrays  --  programs  that  first  and  foremost 
address  the  Idgh  cost  of  today's  HgCdTe  based  infrared  imagers  and 
secondarily  investigate  new  infrared  imaging  technologies  such  as 
multispectral  sensors  and  sensors  based  on  quantum  wells. 

Fig.  2 

The  ULTRA  program  has  both  a  microelectronics  and  an 
optoelectronics  component.  Thus  it  is  a  program  for  which 
responsibility  is  shared  by  two  program  managers  in  MTO.  Since  a 
detailed  presentation  on  this  program  will  follow,  be  it 
sufficient  that  you  note  the  major  components  of  this  program  at 
this  time. 

Fig.  3 

MTO  has  had  a  vigorous  program  in  Optoelectronics  for  a 
number  of  years.  In  its  course  MTO  has  demonstrated  how 
optoelectronics  can  surmount  barriers  to  computing  speed  imposed 
by  conventional  electronics.  Optoelectronics  is  working  its  way 
into  the  computing  world  by  overcoming  bandwidth  limitations  in 
the  input/output  circuits  at  each  stage  of  signal  transmission; 
i.e.  initially  between  computers,  then  between  boards  and 
eventually  chip  to  chip. 

Fig.  4 

This  illustration  shows  the  reduction  in  back-plain  wiring 
complexity  as  copper  wires  get  replaced  by  optoelectronic 
interconnects . 


1 


Fig.  5 

Along  with  the  research  and  development  program  in 
optoelectronics,  MTO  has  actively  pursued  the  transition  of 
promising  optical  components  into  military  systems. 

Fig.  6 

In  the  program  know  by  the  acronym  TOPS  ten  candidate 
insertion  programs  are  currently  underway. 

Fig.  7 

Another  major  effort  in  MTO  involves  the  theory,  applications 
and  hardware  development  associated  with  artificial  neural 
networks  (ANN)  technology. 

Fig.  8 

In  recent  tests  it  was  demonstrated  that  ANNs  can  outperform 
currently  employed  automatic  target  recognition  systems  such  as 
template  matchers. 

Fig.  9 

A  vital  link  between  real  world  signals  and  electronic  signal 
processing  is  the  analog  to  digital  converter  (ADC) .  The  recent 
emergence  of  hetero junction  bipolar  transistor  (HBT)  technology 
has  opened  up  the  opportunity  to  push  the  envelope  of  ADC 
functions  to  wider  bandwidth  and  higher  dynamic  range,  in  order 
to  utilize  this  opportunity  MTO  initiated  a  manufacturing 
technology  program  for  HBTs  where  ADCs  are  utilized  as  proof  of 
concept  vehicles  in  demonstrating  yield  and  performance 
repeatability  on  a  well  controlled  fabrication  line. 

Fig.  10 

The  range  of  ADC  operational  parameters  for  various  military 
systems  areas  is  compared  to  the  MTO  ADC  program  goals. 

Fig.  11 

Having  concluded  the  MTO  programs  in  microelectronics  beyond 
silicon,  I  now  turn  to  our  programs  on  microelectronics 
manufacturing.  The  cornerstone  of  this  area  is  the  promotion  of 
the  concept  of  flexible,  intelligent  manufacturing.  Rather  than 
rely  on  rigidly  fixed  manufacturing  lines  as  practiced  today,  this 
concept  relies  full  utilization  of  computer  integrated 
manufacturing  (CIM)  in  the  manufacturing  process,  and  an 
underlying  structure  of  sophisticated  modeling  and  simulation. 

Fig.  12 

If  one  looks  at  the  history  of  the  cost  growth  in  state-of- 
the-art  silicon  wafer  fabrication  facilities,  it  is  easy  to  see 
that  a  change  has  to  occur.  At  $1.5B  per  facility,  very  few 
companies  will  be  able  to  make  the  necessary  investment  and  very 
few  components  will  have  the  sales  volume  that  can  justify  such  an 
expense. 
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Fig.  13 

By  the  year  2000  the  challenge  will  be  even  greater. 

Fig.  14 

Thus  a  new  approach  to  microelectronics  manufacturing,  based 
on  low-cost  cluster  tools,  real-time  process  modelling  and  fully 
integrated  CIM,  is  the  goal  of  MTO's  intelligent,  flexible 
manufacturing  program. 

Fig.  15 

There  are  three  elements  to  this  approach... 

Fig.  16 

. . .  that  are  further  broken  down  for  process  modeling  and 
optimization, . . . 

Fig.  17 

...  for  in-situ  sensing,... 

Fig.  18 

...  and  for  application  of  advanced  control  theory. 

Fig.  19 

A  specific  example  of  how  such  an  approach  works  is  given  for 
a  metal  organic  chemical  vapor  deposition  system  (MO-CVD)  is 
depicted  in  the  diagram. 

Fig.  20 

The  proof-of -concept  verification  for  the  flexible, 
intelligent  manufacturing  methodology  has  been  demonstrated  by  the 
MTO  program  on  Microelectronics  Manufacturing  Science  and 
Technology  (MMST) . 

Fig.  21 

In  the  MMST  development,  single  wafer  processing  modules  are 
assembled  in  a  relatively  dirty  environment,  certainly  not  class  1 
or  better,  and  yet  state-of-the-art  lithography  and  other 
processes  have  been  demonstrated  for  most  of  the  steps  required  to 
fabricate  an  integrated  circuit  (IC)  chip. 

Fig.  22 

Another  key  program  in  MTO's  manufacturing  efforts  is 
SEMATECH,  a  consortium  of  the  key  U.S.  semiconductor  IC 
manufacturers  partnered  on  a  50-50  basis  with  the  U.S.  Government. 
It  has  become  the  key  entity  for  transferring  new  manufacturing 
equipment  and  technology  into  U.S.  companies. 

Fig.  23 

SEMATECH' s  first  significant  success  was  to  turn  around  the 
decreasing  share  of  the  worldwide  semiconductor  equipment  sales  of 
U.S.  companies. 
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Fig.  24 

Next  SEMATECH  contributed  to  the  turnaround  in  the  worldwide 
market  share  for  U.S.  manufactured  semiconductor  chips. 

Fig.  25 

In  the  next  phase  of  SEMATECH,  the  consortium  will  play  a 
major  role  is  implementing  the  goals  of  MTO's  flexible, 
intelligent  manufacturing  plan. 

Fig.  26 

The  final  effort  to  enhance  semiconductor  manufacturability 
is  focused  on  advanced  lithography.  This  area  is  the  cornerstone 
of  modern  ICs.  MTO  is  focusing  on  .18|i  and  below  technologies 
since  equipment  development  in  this  area  has  to  start  more  than 
two  lithography  generations  ahead;  i.e.  SEMATECH  just  demonstrated 
.35^1.  technology;  the  equipment  for  .25^1  technology  has  been  under 
development  for  a  number  of  years  already  and  now  is  the  last 
opportunity  to  effect  the  lithography  tools  to  be  used  for  the 
.18^1  technology. 

Fig.  27 

Candidate  advanced  lithography  tools  for  the  various 
lithography  minimum  line  width  generation  of  technology  and  the 
year  that  process  development  and  production  are  expected  to  start 
along  with  the  density  of  transistors  per  chip  is  shown.  As  can 
be  seen  optical  lithography  will  have  to  be  replaced  by  some  other 
higher  resolution  technology  before  the  beginning  of  the  year  2000 
in  process  development. 

Fig.  28 

All  advanced  lithographys  can  be  seen  to  have  their  strength 
and  weaknesses.  The  choice  for  .18^1  and  below  lithography  is  ty 
no  mean  clear.  For  this  reason  MTO  redirected  its  program  in 
x-ray  lithography  to  advanced  lithography  in  Fy93;  thus  adding 
programs  in  projection  ion  beam  and  projection  electron  beam 
lithography  to  its  program. 

Fig.  29 

The  infrared  focal  plane  arrays  program  concludes  the  program 
overview  of  MTO.  The  primary  goal  of  this  program  is  to  reduce 
the  cost  of  HgCdTe  based  IR  imagers.  It  has  supported  tri-service 
programs  in  missile  seekers,  target  acquisition  sights  and 
infrared  search  and  track  (IRST)  systems  by  providing  a  source  of 
both  staring  and  scanning  arrays. 

Fig.  30 

A  new  effort,  on  which  a  full  presentation  will  follow,  is 
the  application  of  MMST  technology  in  the  form  of  advanced  vacuum 
processor  (AVP)  modules  to  the  processing  of  HgCdTe.  Here  the 
flexible  manufacturing  concepts  should  have  even  a  greater  impact 
on  reducing  costs  than  they  have  in  silicon  IC  fabrication. 
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Fig.  31 

MTO  has  its  program  structured  to  implement  the  ARPA  mission 
to  'pursue  imaginative  and  innovative  research  and  development 
projects'  as  stated  by  Dr.  Denman,  Director  ARPA  in  his  Statement 
to  Subcommittee  on  Defence,  House  Appropriations  Committee  on 
May  4,  1993.  We  are  doing  this  by  creating  dramatic  advances  in 
technology  and  stimulating  fundamental  change  in  industrial 
capacity  in  critical  aspects  of  microelectronics  technology.  This 
is  done  in  all  three  main  program  areas:  microelectronics  beyond 
silicon,  microelectronics  manufacturing  and  IR  focal  plane  arrays. 
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CHART  14 

All  infrared  sensor  products  produced  in  the  ARPA  Program 
will  utilize  the  flexible  approach  to  infrared  focal  plane  arrays 
manufacturing.  The  specific  devices  discussed  in  this  paper 
include  the  two  color  sensors  used  for  infrared  search  and  track, 
an  integrated  two  color  infrared  sensor,  and  a  large  area  staring 
focal  plane  array. 

CHART  15 

Arrays  with  sensitivity  in  multiple  spectral  bands  will  be 
required  for  many  systems.  The  example  shown  in  this  chart  is  a 
shipboard  search  and  track  system,  which  will  utilize  ARPA 
sponsored  IRFPA  technology.  This  is  an  immediate  application  of 
the  flexible  manufacturing  approach  since  arrays  with  different 
material  composition  require  variations  in  processing  technolo^. 
In  addition,  the  electronics  sampling  required  may  vary  depending 
upon  the  targeting  requirements.  A  flexible  manufacturing 
approach  is  necessary  to  accommodate  for  these  differences  in 
spectral  sensitivity  and  electronics  design,  producing  arrays  in  a 
reasonable  time  frame,  at  affordable  cost,  meeting  system 
specifications . 

CHART  16 

Another  unique  applications  of  flexible  manufacturing  is  the 
capability  to  detect  multiple  spectral  bands  in  the  same  array 
structure.  This  compact  array  structure  can  be  used  for  missile 
seeker  applications,  and  in  advanced  infrared  search  and  track 
systems.  Commercial  applications  which  require  real-time 
identification  gas  spectra  can  also  take  advantage  of  this 
integrated  multi-spectral  structure.  The  control  of  material  and 
device  fabrication  parameters  in  the  flexible  factory  environment 
are  necessary  to  realize  these  advanced  device  structures. 

CHART  17 

AS  a  final  excunple  of  new  array  architectures,  the  large  area 
staring  array  with  television  compatible  format  is  shown.  This 
large  array  permits  integration  into  both  air  and  ground  vehicles. 
These  systems  are  not  possible  without  a  flexible  approach  to 
producing  these  large  array  designs.  Precise  control  of 
manufacturing  parameters  over  large  area  wafers  is  essential  to 
realize  these  advanced  structxires. 

CHART  18 

This  chart  shows  the  480x640  array  being  produced  under  the 
ARPA  IRFPA  Program.  Arrays  are  now  being  tested.  These  arrays 
are  built  on  both  silicon  and  cadmium  telluride  substrates. 

CHART  19 

SUMMARY 
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INTRODUCTION  TO  ELECTRONIC  SYSTEMS  AT  ARPA 


Viewgraph  1 :  Introduction 
Viewgraph  2: 

Electronics  at  ARPA  are  principally  the  function  of  the  Microelectronics  Technology 
Office  (MTO)  and  the  Electronic  Systems  Technology  Office  (ESTO).  Three  principle 
electronic  areas  under  development  at  ARPA  are  Microelectronics;  Electronic  Modules 
and  Systems;  and  Sources,  Sensors.  Actuators,  and  Displays. 

Microelectronics  includes  microelectronics  manufacturing  (i.e.,  SEMATECH, 
MMIS.  Lithography),  semiconductor  process  synthesis,  optoelectronics  for  information 
processing,  ultra-dense  ultra-fast  computing  components,  and  HBT  A/D  converter 
technology. 

Electronic  Modules  and  Systems  include  electronic  packaging  and  interconnect 
(EP\i),  embedded  microsystems,  and  signal  processing  (RASSP). 

Sources,  Sensors.  Actuators,  and  Displays  includes  high  definition  systems  (HDS), 
infrared  focal  plane  arrays,  and  microelectromechanical  systems. 

Viewgraph  3: 

The  strategic  thrust  of  ESTO  is  electronic  systems  technology  for  smaller.  Dghter, 
more  mobile  information  systems.  ESTO  pursues  technologies  which  advance  sensors, 
sources,  actuators,  and  displays;  signal  processing  where  the  signals  are; 
manufacturing  and  precision  assembly;  electronic  packaging  and  interconnect;  and  low- 
energy  computing  and  wireless  communications. 

Viewgraph  4: 

ESTO  technologies  include  Microwave  &  Millimeter  Wave  Integrated  Circuits 
(MIMIC),  High  Definition  Systems  (HDS).  Application  Specific  Electronic  Modules 
(ASEM),  Physical  Electronic  Packaging,  Rapid  Prototyping  of  Application  Specific  Signal 
Processors  (RASSP).  Embedded  Microsystems,  and  Microelectromechanical  systems 
(MEMS). 

MiMICs  are  solid  state  circuits  that  receive,  transmit,  and  process  microwave 
signals.  They  are  the  sensors,  or  "eyes  and  ears,"  of  equipment  operatir^  at  microwave 
(and  millimeter  wave)  frequencies.  MIMICs  can  either  amplify  received  signals  and  send 
them  to  the  digital  processing  portion  of  a  system  or  transform  digital  information  into 
microwave  signals  to  be  transmitted  by  an  antenna.  The  goal  of  the  MIMIC  program  is  to 
provide  affordable,  reproducible,  and  reliable  "front  end"  components  and  subsystems 
for  DoD  systems  such  as  smart  weapons,  radar,  communications,  and  electronic 
warfare. 
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The  HDS  program  focuses  on  getting  information  out  of  computers  and  databases 
and  into  people's  minds,  enabling  improved  decision  making  in  time-constrained 
environments.  It  will  move  the  DoD  from  information-poor  interactions,  such  as  grease 
pencils  and  acetate,  to  information-rich  interactions,  such  as  flat-panel  displays  that 
provide  windows  into  High  Performance  Computing  and  Communications  (HPCC) 
resources.  The  program  encompasses  the  development  of  a  wide  variety  of 
technologies  associated  with  high  definition  systems  including  displays,  display 
processors,  sensors,  software,  high  density  storage,  packaging,  and  manufacturing.  The 
program's  overall  goal  is  to  achieve  a  design  and  manufacturing  capability  that  can 
provide  for  and  sustain  the  affordable  use  of  high  definition  technology  in  DoD  systems 
in  the  late  1990s  and  beyond.  The  program  is  a  unique  experiment  in  trying  to  get  back 
a  field  that  has  been  lost. 

ASEM  program  will  ensure  the  existence  of  an  end-to-end  capability  to  rapidly 
acquire  electronic  modules  and  subsystems.  In  addition  to  integrating  the  key 
capabilities  of  design,  manufacturing,  and  test,  the  program  also  addresses  the 
information  technologies  and  infrastructure  needed  for  rapid  acquisition.  The  program 
integrates  and  builds  on  the  domain-specific  building  blocks  such  as  physical  packaging 
technology,  packaging  computer-aided  design  (CAD),  flexible  manufacturing  processes 
and  equipment,  computer-integrated  manufacturing  (CIM),  intelligent  test,  and  design, 
interface,  and  test  standards. 

The  Physical  Electronic  Packaging  program  is  developing  MCM  technology  for 
digital  systems  operating  at  clock  rates  from  100  MHz  to  several  GHz.  With  MCMs,  bare 
chips  are  interconnected  via  a  common  substrate  instead  of  packaging  each  chip 
individually  in  single-chip  carriers.  This  approach  offers  Increased  density  and  reduction 
in  electrical  parasitics.  For  system  clock  rates  exceeding  50  MHz,  conventional  chip-to- 
chip  interconnects  can  significantly  negate  system  performance  improvements  derivable 
from  advances  in  devices  and  circuits.  In  addition,  MCM  technology  offers  the  potential 
of  10-100X  Improvements  in  density,  as  much  as  2-3X  reduction  in  power,  lOX 
improvement  in  reliability,  and  reduced  cost.  Applications  are  tri-service,  including,  for 
example,  satellite  electronics,  advanced  workstations,  smart  munitions,  avionics,  man- 
portable  devices,  and  autonomous  underwater  vehicles. 

The  goal  of  the  ARPA/tri-Service  RASSP  program  is  to  dramatically  improve  the 
process  by  whicn  complex  digital  systems,  particularly  embedded  signal  processors,  are 
specified,  designed,  documented,  manufactured  and  supported.  A  further  goal  is  to 
exploit,  further  develop  and  integrate  emerging  technologies  to  establish  state-of-the-art 
performance  and  reliability.  The  domain  of  embedded  signal  processors  has  been 
chosen  because  of  its  importance  to  a  wide  variety  of  military  and  commercial 
applications  as  well  as  for  the  challenge  it  presents  in  terms  of  complexity  and 
performance  demands.  The  principle  metrics  targeted  by  the  program  are  product  cycle 
time,  life-cycle  cost,  and  product  quality.  Quality  will  be  measured  in  terms  of  absence  of 
defects,  conformance  to  requirements,  and  fitness  for  use.  Performance,  reliability, 
p.'oducibility,  and  supportability  are  examples  of  parameters  that  affect  a  signal 
processor's  fitness  for  use.  A  key  objective  is  to  reduce  the  total  product  development 
time  by  at  least  a  factor  of  four  while  making  a  similar  improvement  in  product  quality. 
The  effective  incorporation  of  manufactuilng  and  life-cycle  requirements  early  in  the 
design  process  will  be  an  important  aspect  of  the  quality  effort.  Also  important  will  be  the 
ability  to  insert  the  latest  available  technology  at  system  build  time  and  to  incrementally 
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upgrade  the  system  throughout  its  life-cycle.  The  program  has  adopted  a  MODEL  YEAR 
methodology  as  a  way  of  stressing  the  importance  of  continuous  improvement,  meeting 
short  development  schedules  (3  to  12  months),  and  avoiding  point  design  solutions.  The 
MODEL  YEAR  methodology  states  that  systems  should  be  upgradeable  on  an  annual 
basis,  with  increasing  function  and  performance.  It  is  expected  that  most  of  the  results  of 
the  effort  will  be  generalizable  to  other  classes  of  electronic  systems. 

The  MEMS  program  pursues  several  technologies  including  embedded 
microsystems,  microdynamical  systems,  and  conformal  electronics  that  support  mobile 
information  systems.  Advancing  these  technologies  will  result  in  a  revolution  in  the 
perception  and  control  of  the  environment.  Embedded  microsystems  target  advanced 
signal  processing  with  special  emphasis  on  techniques  that  minimize  energy  dissipation 
to  increase  the  computing  power  that  can  be  supported  by  small  batteries. 
Microdynamical  devices  include  microsensors  and  actuators,  micromechanical 
accelerometers,  miniature  analytical  Instruments,  mass  data  storage  devices,  miniature 
mass  spectrometers,  thermo-pneumatic  microvalves,  and  micropumps.  Potential 
applications  for  these  devices  include  distributed  unattended  microsensors  for  ground 
surveillance,  unobtrusive  biomedical  sensors,  and  personal  inertial  guidance  units  to 
augment  the  Global  Positioning  System  (GPS). 

Conformal  electronics  involve  packaging  technologies  for  shape-constrained 
environments.  These  components  must  conform  to,  rather  than  dictate,  the  system  form 
factor. 

Viewgraph  5: 

During  the  first  three  years  of  hardware  development,  which  began  in  May  1988, 
improved  gallium  arsenide  material  was  developed  and  made  available.  Computer- 
aided  design,  fabrication,  and  test  capabilities  were  substantially  extended.  Integrated, 
high-throughput  manufacturing  facilities  were  installed.  Fabrication  recipes  were  refined 
and  demonstrated  to  result  in  high-yield  MIMIC  chips.  New  techniques  have  greatly 
reduced  the  cost  of  packaging  and  testing  MIMIC  chips.  Over  80  MIMIC  chip  types  were 
fabricated  and  demonstrated  in  16  MIMIC  brassboards.  In  the  next  three  years,  the 
program  is  expected  to  complete  the  development  of  fully  integrated  design, 
manufacturing,  and  testing  capabilities  that  can  produce,  inexpensively  and  rapidly,  the 
full  range  of  advanced  microwave/millimeter  wave  circuits  required  for  systems. 

Viewgraphs  6  and  7: 

In  Operation  Desert  Storm,  MIMICs  were  used  in  both  the  HARM  missile  and  in 
LANTIRN’s  terrain  following  radar  system.  Other  systems  such  as  the  AN/ALQ-136  will 
retrofit  MIMIC  hardware  into  existing  modules  and  subsystems  to  reduce  costs,  increase 
unit-to-unit  reproducibility,  achieve  higher  reliability,  and  improve  component 
performance.  Most  importantly,  MIMIC  is  an  enabling  technology  for  many  systems; 
without  MIMIC  it  will  be  impossible  to  field  these  systems  at  an  affordable  cost.  Some  of 
these  systems  are  GEN-X,  LONGBOW,  MOFA,  SADARM  MLRS/TGW,  AMRAAM, 
phased  array  radars  for  airborne  applications  and  phased  array  electronic  warfare 
systems.  The  MIMIC  program  represents  a  national  asset  and  provides  an  excellent 
return  on  the  investment  made  by  the  Department  of  Defense. 


3 


Viewgraphs  8  and  9: 

The  physical  packaging  program  has  two  main  thrusts:  (1)  establishment  of 
merchant  foundries  capable  of  low-volume  (several  hundred  per  month)  production  of 
MCMs  for  too  MHz  and  greater  operation  and  demonstrations  in  applications,  such  as 
parallel  processors  for  the  HPCC  program,  and  (2)  development  of  materials, 
processing,  testing,  and  simulation  for  3-D  and  GHz  clock-rate  MCMs.  Technologies 
include  diamond-based  3-D  MCM  structures,  optical  testing,  flip-chip  conducting 
adhesive  chip  attachment,  high-speed  membrane  probe  testing,  ferroelectric  materials 
for  decoupling  capacitors,  very  low  dielectric  constant  materials  for  GHz  signal  planes, 
full  wave  electromagnetic  simulation,  laser  writing  for  MCM  rework  and  prototyping,  and 
optical  MCM-MCM  interconnect.  This  program  is  increasingly  focusing  on  high-speed 
mixed  analog-digital  and  digital-optical  modules. 

These  viewgraphs  illustrate  the  advances  made  in  physical  packaging.  The  top 
card  contains  3  digital  signal  processors  operating  at  a  respectable  40  MHz.  The  bottom 
photo  is  a  multichip  module  containing  4  digital  signal  processors  operating  at  90  MHz. 

Viewgraphs  10-12: 

The  goals  of  ASEM  are  to  produce  an  order-of-magnitude  reduction  in 
manufacturing  cost,  development  of  a  domestic  supplier  infrastructure,  and  acceleration 
of  the  acceptance  and  insertion  of  advanced  multi-chip  integration  technologies. 

Despite  doubling  of  IC  density  roughly  every  18  months,  there  is  a  continuing  need 
to  cost-effectively  interconnect  multiple  dies  without  substantially  affecting  performance, 
volume,  weight,  or  reliability.  Since  conventional  single-chip  packages  and  printed  circuit 
board  technology  have  not  kept  pace  with  advances  in  IC  performance  and  density. 
Implementing  many  next-generation  products  in  the  computing,  communications, 
automotive,  and  defense  markets  is  difficult  or  expensive.  As  a  result,  alternative 
approaches  such  as  multi-chip  modules  (MCMs)  have  emerged  as  a  way  to  close  the 
gap.  Although  the  potential  for  these  technologies  has  been  demonstrated,  widespread 
acceptance  by  systems  users  has  been  slow  due  to  perceived  risks  and  high  costs. 

ASEM  will  develop  the  key  manufacturing  equipments,  materials,  and  processes 
necessary  to  manufacture,  assemble,  and  test  complete  modules  that  meet  the 
demands  of  the  appropriate  marketplace.  Cost-effectiveness  and  environmental 
awareness  will  be  key  concerns  in  developing  this  capability.  Furthermore,  the  program 
will  stimulate  market  demand  by  demonstrating  successful  insertions  of  this  technology 
into  current  products  on  the  market. 

Viewgraph  13: 

The  RASSP  program's  objective  as  to  dramatically  improve  the  process  by  which 
complex  digital  system,  particularly  embedded  signal  processing  are  designed, 
manufactured,  upgraded,  and  supported.  This  will  provide  affordable  embedded  signal 
processors  for  a  wide  range  of  systems  that  state  state-of-the-art  when  fielded,  not  just 
when  designed.  Although  targeted  only  at  embedded  real-time  signal  processor.  RASSP 
draws  upon  a  broader  base  of  supporting  design  technology.  Many  RASSP  results  are 
expected  to  be  extendible  to  other  types  of  electronic  design. 
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Viewgraph  14: 

Information  technology  continues  to  move  rapidly.  This  state-of-the-art  has  two 
trends:  toward  more  mobile,  more  ubiquitous  computing,  and  toward  massive  teraops 
computing.  ARPA  is  pursuing  both  of  these  paths. 

Viewgraphs  15-16: 

ARPA  intends  to  win  back  the  high  definition  display  technologies  from  our 
international  competitors.  The  current  state-of-the-art  displays  are  decreasing  in  size 
and  increasing  in  pixel  density.  HDS  has  dual  use  applications,  and  will  provide  high 
paying,  high  technology  jobs  to  America's  manufacturing  sector. 

Viewgraph  17: 

ARPA's  HDS  program  has  a  3  phased  approach,  and  is  now  entering  phase  2. 
Display  efforts  include  improved  cathode  ray  tubes;  flat  panel  and  head-mounted 
displays  using  active  matrix  liquid  crystals,  electroluminescence,  plasma,  and  cold 
cathode  technologies:  projection  displays  using  digital  micro-mirrors,  liquid  crystals,  and 
laser  projection;  as  well  as  efforts  in  manufacturing  and  enabling  technologies.  The 
program  supports  a  consortium  of  display  manufacturers  that  work  in  partnership  with 
government  on  display  industry  infrastructure  (e.g.,  manufacturing  equipment,  materials, 
standards).  The  program  is  modeled  after  SEMATECH.  Display  processor  efforts 
include:  development  of  high  speed  video  processor  modules,  workstations,  high 
bandwidth  busses,  image  transmission  over  packet  networks,  and  a  high  bandwidth, 
digital  compressed  video  and  data  system  for  education  and  training.  Various 
compression  algorithms  are  being  investigated  including  interframe  compression  based 
on  the  adaptive  block  size  discrete  cosine  transform,  MIT-CC  adaptive  subband  video 
compression,  and  compression  techniques  involving  fractal  image  coding.  New  graphics 
tools,  graphics  standards,  and  user  interfaces  are  being  developed.  Research  on 
virtual/augmented  environments  and  scientific  visualization  is  being  conducted.  New 
magnetic  tape  and  recording  heads  for  high  density  storage  devices  are  being 
developed.  An  image  sensor  based  upon  acoustic  charge  transport  devices  is  being 
developed  for  use  in  an  all-digital  camera.  Finally,  a  variety  of  military  applications  will 
serve  as  demonstration  vehicles  for  high  definition  system  technologies. 

Viewgraphs  18, 19, 20,  and  21: 

Some  of  ARPA's  most  promising  HDS  achievements  include  a  6  million  pixel 
display  and  a  digital  micromirror  device.  The  digital  micromirror  device  is  a  projection 
technology  that  has  over  2  million  moving  parts.  Each  mirror  is  supported  above  a 
silicon  substrate,  rotates  on  a  torsional  hinge,  and  can  be  individually  addressed.  It  is 
the  world's  most  complex  microelectromechanical  device,  but  provides  high  light 
efficiency,  simple  optics,  and  the  potential  for  low-cost  volume  manufacturing 

Viewgraph  22: 

During  the  past  50  years,  mechanical  components  have  changed  little  in  size, 
unlike  the  major  size  reduction  experienced  by  their  electrical  counterparts.  ARPA, 
however,  is  exploring  fabrication  materials  and  processes  developed  for  the 
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semiconductor  industry  and  is  pursing  microelectromechanical  components.  Key  issues 
in  MEMS  technology  include  miniaturization,  widespread  use  of  patch  processing,  and 
merging  microelectronics  with  mechanical  systems. 

Viewgraphs  23  and  24: 

A  notable  example  of  MEMS‘  successes  include  inertial  measurement  systems. 
Dramatic  reductions  in  mass,  size,  power,  and  cost  have  been  achieved.  These  devices 
offer  opportunities  for  beyond  their  traditional  applications,  including  personal  and 
expendable  inertial  guidance  units. 

Viewgraph  25: 

Miniaturization  and  mass  production  of  MEMS  will  lead  to  greater  numbers  of 
components  in  systems.  This  will  result  in  greater  system  capability  and  greater 
reliability  as  a  result  of  component  redundancy. 

Viewgraphs  26  and  27: 

Another  promising  MEMS  development  is  an  STM  sensor  device  equipped  with  an 
individual  read/write  tip  and  micropositioner.  This  device  is  expected  to  provide  data 
storage  100,000  times  the  density  of  CD  ROMs.  This  will  dramatically  change  personal 
data  storage  capabilities,  allowing  individuals  to  carry  a  library  of  information  on  their 
person./ 

Viewgraph  28: 

To  reduce  the  barriers  to  entry  into  MEMS,  ARPA  is  funding  a  foundry  at  MCNC  in 
North  Carolina.  This  program  allows  designers  to  submit  a  MEMS  design  for  fabrication 
on  a  wafer  at  a  cost  of  only  $500.  This  program  provides  low-cost,  low-volume  access  to 
MEMS  fabrications  facilities,  encouraging  universities  and  corporations  to  exploit  the 
technology. 

Viewgraph  29: 

MEMS  technology  will  cause  a  revolution  in  the  perception  and  control 
environment  by  increasing  the  capability,  affordability  and  number  of  smart  systems. 
The  long-term  goal  of  MEMS  is  to  network  computation,  sensors  and  actuators,  and 
mechanical  structure  to  change  the  way  people  and  machines  interact  with  the  physical 
world,  leading  to  revolutionary  new  system  capabilities. 

Viewgraphs  30, 31  and  32: 

ARPA  is  pursuing  Tactical  Display  Systems,  which  provide  small  (1  square  inch) 
high-resolution  displays  that  can  be  inserted  in  current  military  equipment.  One  such 
piece  of  hardware  is  a  MELIOS  laser  range  finder,  modified  with  a  GPS.  a  mass  data 
storage  medium,  a  computational  device,  and  a  CCD.  Inserting  these  capabilities  greatly 
enhances  the  value  of  the  hardware,  improving  battlefield  intelligence  collection, 
targeting,  and  situational  awareness. 
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Viewgraph  33: 


Low'bandwidth  distributed  sensors  will  revolutionize  military  operations, 
maintenance,  and  logistics.  For  example,  by  distributing  these  sensors  on  a  soldier’s 
equipment  and  providing  a  wireless  tether,  the  readiness  status  of  key  items  can  be 
determined  in  real-time.  This  eliminates  time  consuming  inventories  which  are  frequently 
performed  during  combat  operations. 

Viewgraph  34: 

The  final  ESTO  program  for  discussion  is  Biomedical  Sensors  and  Analytical 
Instruments.  The  primary  goal  of  this  program  is  to  develop  unobtrusive,  noninvasive 
biomedical  sensors  that  can  be  used  to  provide  the  real-time  readiness  status  of 
individual  military  personnel.  This  program  has  widespread  dual-use  applications  in  the 
health  care  industry  where  it  can  permit  remote  (home)  monitoring  of  patients,  reducing 
the  cost  of  care.  Several  issues  that  are  being  addressed  by  the  program  are 
noninvasiveness,  miniaturization,  stability,  reliability,  power  consumption,  and 
environmental  ruggedness. 

Viewgraph  35: 

In  summary.  Electronics  at  ARPA  are  principally  focused  on  three  principle 
electronic  areas:  Microelectronics;  Electronic  Modules  and  Systems;  and  Sources, 
Sensors,  Actuators,  and  Displays.  It  is  a  dynamic  environment  encompassing  a  broad 
spectrum  of  programs.  As  an  ARPA  supplier,  you  are  encouraged  to  bring  us  your  great 
ideas. 
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which  also  possess  inherent  low  observables  capability  due  to  their  much  simplified  aerodynamic 
configurations . 


The  forces  which  shape  aeronautics  in  the  future  are  expected  to  be  much  different  than 
those  that  have  traditionally  shaped  it  in  the  past.  The  demise  of  the  Soviet  threat. 
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Finally,  the  need  to  rapidly  and  successfully  conclude  a  myriad  of  forms  of  conflict  is 
key  objective.  This  decisiveness  is  not  only  key  to  reducing  our  losses  in  men  and 
material,  but  also  to  avoid  the  costs  of  protracted  conflict. 


Defense  Environment  In  the  90's 
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Let  me  now  focus  on  several  specific  needs  which  can  help  us  build  more  affordable  ai 
vehicles.  The  technology  tools  which  we  seek  should  help  us  not  only  build  the  new  s 
but  should  also  impact  how  we  choose  it,  how  we  buy  it,  and  ultimately  how  we  own  it. 
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UNCLASSIFIED 


The. current  development  process  as  employed  by  DoD  is  a  cumbersome  one.  The  average 
development  cycle  for  a  system  today  is  approaching  sixteen  years  and  growing. 


The  Acquisition  Timeline 


O 

®  o  o 
®  JO  c 

.£  3  Q. 
O)  3  o 

1S2  5 


.2  c 

II 

cl 
o  (0 
E> 

(U 

O 


c 

0.1 

8  2 

c  o 

O  CL 
O  X 
LU 


T3 

CO 

44 

C 

-H 

c 

44 

£ 

CO 

CO 

-H 

01 

01 

• 

CO 

44 

c 

44 

44 

M 

c 

-H 

M 

o 

10 

CO 

0 

o 

O' 

43 

o 

•H 

c 

H 

>1 

44 

44 

-H 

H 

a 

0) 

CO 

0 

O' 

CO 

CO 

CO 

£ 

CO 

-H 

01 

T) 

M 

01 

- 

■H 

rH 

4J 

44 

44 

O' 

01 

44 

•n 

>1 

CO 

£ 

(0 

c 

c 

>1 

CO 

>1 

r—C 

c 

-H 

c 

CJ 

■H 

-H 

O 

c 

44 

rH 

44 

CO 

0) 

44 

-H 

iH 

-H 

> 

rH 

0 

O 

M 

c 

43 

C 

rH 

rH 

a 

rH 

a 

£ 

3 

01 

CO 

>1 

44 

01 

c 

(0 

a 

rH 

o 

E 

01 

73 

a 

C4 

cO 

44 

o 

1-1 

a 

01 

> 

01 

T3 

O 

o 

-H 

rH 

M 

O 

-H 

0) 

(0 

43 

01 

\ 

H 

M 

IM 

a 

O 

a 

4J 

> 

01 

01 

a 

a 

-H 

CM 

fH 

m 

o 

CO 

C 

01 

43 

a 

C 

c 

01 

-H 

(0 

43 

>1 

•l-l 

O' 

CO 

iH 

3 

2 

c 

X! 

O 

44 

C 

44 

o 

. 

-H 

O 

0 

o 

£ 

(0 

44 

CO 

O 

01 

CO 

o 

-H 

-H 

V 

01 

O 

44 

c 

rH 

c 

44 

M 

0 

CO 

c 

c 

C 

44 

O 

o 

tl 

E 

o 

CO 

•H 

-H 

M 

<0 

(0 

CO 

-H 

•H 

cO 

-H 

O' 

> 

•o 

XI 

3 

rH 

a 

44 

43 

M 

44 

c 

•H 

0) 

44 

rH 

0 

10 

01 

O' 

CO 

-H 

CM 

f) 

+J 

-H 

« 

14 

CO 

o 

rH 

M 

> 

O 

*H 

c 

o 

•H 

3 

s 

44 

01 

> 

44 

(0 

O' 

M 

3 

CO 

a 

J3 

a 

CO 

01 

u 

0) 

01 

a 

£ 

iH 

0) 

fr 

-H 

m 

01 

3 

c 

-H 

44 

43 

-H 

a 

3 

0 

)-l 

44 

o 

0 

0 

CO 

c 

44 

01 

to 

r-H 

4* 

■U 

a 

c 

£ 

44 

-H 

>1 

-H 

43 

CO 

CD 

m 

0) 

o 

01 

44 

43 

•M 

44 

•o 

> 

-H 

o 

o 

44 

•a 

CO 

a 

01 

0 

01 

01 

u 

o 

c 

CO 

01 

rH 

43 

<M 

44 

cO 

01 

0 

o 

01 

>1 

CO 

3 

01 

+4 

>1 

O 

3 

43 

•o 

o 

rH 

CO 

3 

£ 

43 

rH 

43 

rH 

44 

4> 

X) 

• 

•H 

44 

01 

0 

01 

-H 

rH 

O 

O' 

(0 

01 

CO 

01 

CO 

Cl 

E 

CO 

- 

M 

0) 

01 

c 

c 

c 

»4 

44 

c» 

X) 

0 

c 

01 

cO 

to 

44 

? 

4J 

0 

10 

-H 

-H 

10 

01 

01 

44 

01 

to 

43 

0 

CO 

CD 

> 

44 

01 

£ 

o 

c 

£ 

C 

3 

01 

a 

■H 

CO 

O' 

t* 

V 

(0 

01 

■H 

0 

CO 

(0 

-H 

rH 

cO 

Q 

cO 

-H 

< 

3 

V 

44 

14 

O 

CO 

CM 

CO 

CM 

44 

IQ 

rH 

rH 

a 

44 

c 

rH 

•H 

0 

TJ 

01 

f"^ 

4-1 

(0 

44 

3 

to 

01 

rH 

-H 

CO 

43 

0) 

>1 

01 

§ 

o 

> 

(0 

44 

Q 

43 

•H 

c 

44 

(0 

O 

44 

> 

01 

O 

01 

c 

< 

44 

3 

o 

-H 

c 

C 

-H 

c 

• 

•H 

0) 

£ 

JC3 

01 

43 

44 

CM 

C 

0 

CO 

c 

•H 

0} 

CO 

n 

M 

44 

£ 

«H 

01 

•H 

> 

3 

01 

3 

0 

01 

a 

01 

O 

01 

»H 

O 

44 

44 

T5 

P 

o 

01 

•0 

44 

43 

144 

o 

01 

43 

CO 

44 

M 

CO 

< 

g 

44 

c 

0) 

44 

O 

rH 

CO 

01 

-H 

0 

O 

O 

01 

• 

JS 

T3 

01 

43 

£ 

44 

44 

a 

43 

-H 

tl 

73 

> 

4J 

4J 

01 

O' 

44 

> 

a 

O 

o 

c 

3 

CO 

rH 

C 

01 

•H 

9 

>. 

c 

c 

01 

CO 

c 

01 

a 

0 

M 

CO 

44 

4.1 

O 

•H 

SJ 

V 

c 

44 

>1 

a 

a 

•H 

01 

3 

tl 

•H 

O 

rH 

44 

£ 

o 

X) 

o 

CO 

rH 

CO 

44 

10 

01 

U 

-H 

a 

O 

01 

01 

-H 

• 

01 

a 

» 

01 

tl 

3 

01 

44 

41 

a 

£ 

01 

> 

43 

44 

44 

01 

43 

73 

3 

43 

44 

Q 

0) 

01 

iH 

rH 

44 

<0 

X 

c 

0) 

01 

o 

tJ 

01 

01 

*v4 

T3 

01 

0 

T> 

01 

43 

43 

>1 

0 

O 

43 

O 

Q 

01 

m 

> 

-H 

44 

43 

44 

44 

(0 

44 

M 

44 

CO 

c 

0 

c 

C 

rH 

c 

Cl 

E 

0} 

a 

<H 

0 

4-> 

• 

"0 

-H 

-H 

CO 

o 

-H 

CO 

rH 

M 

M 

CD 

•H 

*d 

44 

c 

>4 

> 

u 

43 

CO 

rH 

01 

CM 

O 

01 

0 

■0 

(0 

(0 

>1 

> 

» 

43 

CO 

44 

TJ 

O 

<M 

>1 

CO 

f| 

0) 

01 

o 

iH 

rH 

TJ 

c 

-H 

c 

CO 

•H 

V 

•H 

m 

o 

14 

M 

c 

0 

m 

CO 

cn 

rH 

3 

01 

rH 

E 

E 

M 

44 

CO 

44 

10 

CO 

CO 

-H 

c 

o 

01 

-H 

CO 

o 

10 

4-1 

-H 

0 

01 

01 

CO 

o 

c«C 

CO 

43 

rH 

CO 

o 

44 

c 

<Si 

01 

c 

CO 

-H 

n 

CO 

rH 

43 

44 

M 

o 

0) 

m 

>1 

01 

to 

o 

•H 

44 

01 

a 

01 

a 

< 

> 

01 

01 

44 

44 

-H 

£ 

O 

73 

tl 

CO 

> 

O' 

CO 

«> 

0) 

CO 

c 

44 

c 

V 

O 

o 

rH 

c 

■ 

0) 

M 

u 

£ 

c 

44 

01 

CO 

TJ 

3 

44 

M 

44 

CO 

-H 

M 

T3 

o 

(0 

10 

tH 

E 

M 

CO 

<«H 

•H 

a 

CO 

CO 

c 

C 

01 

cO 

M 

M 

rH 

01 

44 

O 

O 

-H 

CO 

•H 

•H 

01 

M 

4J 

a 

O' 

43 

-H 

M 

to 

M 

01 

rH 

O' 

43 

01 

CM 

CO 

3 

O’ 

M 

o 

44 

Cl 

-H 

c 

43 

CO 

a 

c 

44 

rH 

M 

a 

10 

c 

•H 

lO 

3 

o 

O 

X 

-H 

01 

44 

rH 

3 

X} 

0 

a 

» 

•H 

cr 

£ 

(0 

43 

01 

M 

01 

43 

CO 

u 

•H 

01 

01 

44 

3 

73 

43 

44 

CO 

c 

01 

to 

44 

c 

0 

M 

•o 

C 

>1 

44 

01 

44 

o 

44 

•rt 

-H 

44 

m 

•H 

01 

rH 

o 

44 

C 

to 

•H 

CO 

•H 

to 

X 

r-4 

01 

01 

73 

M 

10 

-rH 

CM 

•H 

CO 

44 

T3 

•H 

Sh 

01 

CCS 

3 

rC 

c 

•rH 

01 

*M 

o 

O 

cd 

-H 

44 

P 

rH 

44 

cr 

44 

-H 

> 

a 

3 

rH 

c 

01 

M 

•o 

0* 

M 

C 

c 

•H 

CO 

o 

o 

C 

a 

01 

01 

rH 

01 

c 

c 

u 

« 

0 

10 

c 

c 

O' 

M 

M 

10 

X 

c 

> 

o 

a 

CD 

H 

<0 

U 

o 

u 

3 

M 

CO 

a 

a 

£ 

01 

o 

u 

M 

o 

U 

Moreover^  properly  implemented,  we  believe  that  ADS  can  help  to  reduce  the  length  of  the 
acquisition  cycle  to  a  much  more  palatable  and  more  affordable  five  to  seven  years,  if 
exploited  with  other  concurrent  engineering  tools.  I  am  currently  involved  in  the 
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Another  major  area  of  importance  is  that  of  intelligent  systems  as  they  relate  to  air 
vehicles.  The  significance  of  superb  situational  awareness  should  come  as  no  surprise  given 
ARPA's  emphasis  in  this  area.  These  systems  can  also  help  reduce  the  workload  of  today's 
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This  initiative  is  really  an  extension  of  our  efforts  with  the  X-31  in  the  Advanced  Displays 
area.  If  implemented,  the  capability  described  here  would  allow  the  pilot  of  a  real 
aircraft  to  engage  a  virtual  adversary,  either  a  domed  simulator  or  an  on-board  'embedded' 
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Let  me  give  you  an  example  of  the  latter.  In  the  2D  nozzle  concept  shown  on  the  chart,  a 
jet  Issuing  into  the  ambient  laboratory  environment  emanates  from  a  unique  nozzle  design. 
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You  have  already  been  acquainted  with  the  revolution  in  Micro  Electro  Mechanical  Systems  as 
described  by  Ken  Gabriel  from  ESTO.  In  collaboration,  we  are  currently  looking  at  the 
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Let  me  now  focus  on  some  of  the  conceptual  arrangements  which  are  both  timely  and 
appropriate  for  the  current  defense  environment. 
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deploy.  The  ability  to  develop  both  together  may  lead  to  a  more  effective,  more  affordable 
solution.  Again,  not  surprisingly,  the  word  affordable  appears  as  a  bottom  line. 
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The  collection  of  Ideas  I've  just  described,  including  the  suite  of  technologies  and 
concepts,  are  all  potential  ingredients  for  retaining  our  superiority  in  performance  by 
developing  aeronautical  systems  which  are  flexible  in  application  and  part  of  a  decisive 
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V-B  Land  Combat  Systems 

Mr.  Thomas  Hafer 
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Depicted  here  are  examples  of  successful  programs  developed  by  the  group  which  now  comprises 
Advanced  Land  Systems.  The  focus  of  these  efforts  was  on  armor/anti>armor.  Shown  at  the  upper  left  is 
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-  Integrated  Process  and  Product  Design 

Operations  and  Environment 

-  Electric/Natural  Gas  Vehicles 
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concept  and  goals  for  the  LCV  are  depicted  here.  Two  aspects  are  addressed:  the  vehicle 
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ADVANCED  LAND  SYSTEMS 

OPERATIONAL  CONCEPT 

(S&T  THRUST  5) 


=>  MAXIMIZE  RATE  OF  BUILD-UP  OF  COMBAT  POWER 
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LCV  is  a  technology  development  program  and  currently  has  no  schedule  for  transition  to  production. 
It  will  provide  the  technology  base  development  for  the  possible  future  development  of  a  variety  of 
light  vehicles*  such  as  the  examples  shown. 
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/•An  AccnnnABii  itv  MANUFACTURING!  SUPPORTABILITY 

CAD  AFFORDABILITY  DATABASE  1  DESIGN 
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ADVANCED  LAND  SYSTEMS 

VISION  FOR  BATTLE  MANAGEMENT 
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-  Increased  volume  of  data  threatens  to  clog  system 

Ability  to  provide  common,  real-time,  tof^to-bottom, 
graphic-based  view  of  the  battlefield  will  be  difficult  to  accomodate 
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ADVANCED  LAND  SYSTEMS 

BAHLE  MANAGEMENT:  APPROACH 
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I>  Phase  2:  Testbed  Development 

•  Allow  users  to  employ,  critique  the  system 
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ADVANCED  LAND  SYSTEMS 

SUMMARY 


1276-5-25-93-15 


We  have  described  two  visions  for  programs  in  Advanced  Land  Systems.  Both  of  these  have  been 
formulated  in  response  to  the  world  situation  as  we  see  it  today.  However,  further  change  is  likely  and 
many  additional  problems  remain.  Shown  here  are  several  trends  which  we  believe  will  continue  into 
the  Ihture.  In  general,  the  US  military  will  be  smaller  both  in  manpower  and  in  budget,  and  wiU  be 
forced  to  be  flexible  and  agile,  and  to  leverage  technology  developments  elsewhere  for  their  use. 


V-C  Maritime  Systems 
Mr.  Charles  E.  Stuart 


Director,  AKPA  Maritime  Systems  Technology  Office 


MEMORANDUM  FOR  MSTO  -  STUART 

SUBJECT:  Clearance  of  Paper/Report/Speech  for  Open  Publication 

Reference  is  made  to  the  following  material  submitted  for 
clearance  for  open  publication: 

MSTO  "A  VISION  OF  THE  MARITIME  FUTURE” 


Monr  The  above  referenced  material  was  CL8ARB0  for  open 

publication  by  OASD(PA)  onJune  8.  1993 _ ,  Case  No.  93-s-20io 

All  copies  should  carry  the  following  Distribution  Statement  *A” 
as  follows: 


APPROVED  FOR  PUBLIC  RBLBASX 
DISTRIBUTION  UNLIMITED 


publican 
shou 


ve  reference^  material 

by  No .  _ 

the^-^Ollowing  Disppil^tion  Statement 


opies 

follows: 


/  Technical  Information  Officer 


Attachments 


Maritime  Systems  Technology  Office 


A  Vision  Of  The  M&htime  Future 


Good  afternoon.  Todays  discussion  will  focus  on  MSTO’s  vision  of  the 
future  use  of  the  oceans.  I  would  like  to  discuss  the  importance  of  the 
ocean  with  respect  to  its  abundant  resources,  transportation  on  it,  and 
management  of  the  environment.  I  will  also  discuss  the  ocean’s 
relationship  to  National  Security,  our  successes  in  MSTO,  and  our  vision 
of  some  things  that  could  be.  I  will  present  only  a  small  portion  of  a 
futurists’  vision.  I  encourage  you  to  send  me  your  ideas. 

If  you  could  sweep  away  the  clouds  and  view  the  earth  at  night  from  the 
heavens,  it  would  look  spectacular.  But  if  you  look  close,  you  will  see  the 
concentration  of  people  living  near  the  ocean.  In  the  US  alone,  over  60% 
of  the  US  population  will  live  with-in  200  miles  of  the  sea  in  the  year  2010. 

Yet  what  do  we  know  about  the  ocean.  The  human  eye  has  seen  less  that 
one>tenth  of  one  percent  of  the  ocean  floor.  Some  charts  our  ship’s 
captains  use  have  data  on  them  that  date  back  to  last  century,  measured 
with  rope  and  weights.  The  surface  of  Venus  or  Mars  are  better  mapped 
than  the  ocean. 

We  keep  getting  bits  of  information  that  should  make  us  turn  from  the 
heavens  to  the  earth. 


Deep  Ocean  Hydrothermal  Vents 


•  10,000  •  16,000  Feet  Deep 

•  300“ C 

•  Toxic  and  Radioactive  Elementa  Ejected 

•  Chemoaynthetlc  Ecoayatem 


Unclassified  Photo  of 
Hyrdothermal  Vents 
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A  recent  discovery  in  the  ocean  has  turned  our  thoughts  of  iife  on  Earth 
upside  down.  The  discovery  of  iife  along-side  deep  ocean  hydrothermai 
vents  meant  that  a  iong  accepted  key  to  iife  was  not  so  key  after  aii.  TTiat 
key  was  photosynthesis. 

Life  can  exist  and  muitipiy  in  radicaiiy  different  environments,  deep  within 
the  oceans,  without  suniight.  At  these  depths  a  chemosynthetic 
ecosystem  thrives  with  ciams  the  size  of  dinner  pistes,  shrimps,  crabs, 
tube-worms,  and  bacteria.  Aii  in  a  toxic  environment. 


What  other  information  is  under  the  sea?  What  is  preventing  us  from 
using  the  fuii  resources  of  the  ocean? 


Ocean  Facts  (Transportation) 


Over  96%  of  Trade  Among  Countries  is  Carried  by  Ships 

•  Desert  Storm  Deliveries: 

—  3.5  Million  s/Tons 
of  Dry  Cargo 

—  6.2  Million  s/Tons 


Unclassified  Photo  of 
Freighters 
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The  ocean  is  a  formidable  place.  Those  of  you  who  have  spent  time  at 
sea  know  the  perils  a  storm  can  cause.  We  are  continually  reminded  of 
the  power  of  the  sea  each  year  when  a  hurricane  comes  ashore. 

Even  with  these  threats,  96%  of  commerce  between  countries  is 
conducted  over  the  sea.  Why?  Because  the  least  expensive  way  to 
move  great  volumes  of  cargo  Is  by  the  ocean.  However,  our 
infrastructure  of  port  facilities  and  rail  lines  are  not  advancing  with 
technology,  we  let  the  world  send  the  cargo  around  us,  rather  than 
through  us.  Desert  storm  gave  us  great  insight  into  the  weakness  of 
our  infrastructure  to  move  cargo  fast  and  efficient.  Equipment  and 
supplies  stacked  up  for  miles  outside  of  Charleston  on  the  way  to  the 
Persian  Gulf. 


iar»4j-ti57.iAMi  AsavsAu*) 


Desert  Storm  did  show  the  strength  of  sea  transport.  Over  9  million  tons 
were  shipped  over  the  ocean.  A  massive  undertaking.  If  you  consider 
only  the  first  two  Maritime  Piepositioning  Ship  Squadrons  that  delivered 
material  in  the  first  days,  you  would  have  needed  a  C-5  cargo  transport 
taking  off  every  7  minutes  for  9  days.  On  December  26, 1990,  the  oceans 
would  have  looked  like  this.  If  you  had  spaced  the  ships  evenly  across 
the  ocean  and  had  flown  the  route  over  them,  you  would  have  flown  over 
a  ship  once  every  50  miles.  Yet,  with  all  this  need  for  ocean  transport, 
we  build  no  commercial  transport  vessels  in  this  country. 


Ocean  Facts  (Resources) 


•  There  Are  About  1.5 
Trillion  Tons  of 
Manganese  (Mn/Ni) 

Nodules  on  the 
Pacific  Ocean  Floor 

•  Every  Cubic  Mile  of  Seawater  Holds  Over  150  Million 
Tons  of  Minerals 

•  Total  Annual  Commercial  Harvest  From  the  Seas 
Exceeds  85  Million  Metric  Tons 


Unclassified  Photo  of 
Manganese  Nodules 
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We  import  all  of  the  strategic  minerals  this  country  requires. 
Yet  there  is  manganese  lying  on  the  ocean  floor  in  the  form  of 
nodules  ready  to  be  plucked.  1.5  Trillion  Tons  of  it  to  be  exact. 
If  you  mined  enough  of  these  to  supply  the  US  with  one  years’ 
supply  of  nickel,  you  would  also  get  200  times  the  requirement 
for  Cobalt,  300  times  the  Manganese,  and  significant  amounts 
of  titanium,  vanadium,  and  zirconium. 


Maritime  . . . 


...of  Countries  and  People 
Dealing  In  Matters  of 
Commerce  and  Navigation 
on  the  High  Seas,  Inland 
Lakes  and  Rivera, . . . 


Unclassified  Photo  of  Woods 
Hole,  MA  Harbor 


Maritime  Missions  for  National  Security 

•  Interdiction  &  Protection  of  Land  &  Sea  Lines  of  Communication 

•  Power  Projection 

•  Policing 

•  Regional  Security 

•  Humanitarian  Assistance 

•  Exploration,  Commerce,  Presence 

umv-tayvitm  Atmuan 


Our  national  maritime  interests  should  not  be  viewed  only  in  historical  or 
traditional  aspects,  but  in  relationship  to  national  security.  Sea  power  is  the 
sum  total  of  our  nation’s  involvement  in  the  ocean. 


Exclusive  Economic  Zones 
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The  Exclusive  Economic  Zone  legislation  signed  by  President  Regan  in 
1983  gives  the  US  the  largest  territorial  waters  of  any  nation  on  earth.  It 
effectively  doubles  the  size  of  the  US.  Over  2.3  million  square  miles,  85% 
of  which  are  in  the  Pacific.  It  has  been  estimated  that  over  15%  of  the 
world’s  living  resources  are  in  the  EEZ. 


The  National  Security  Equation 


But  national  security  is  more  than  Just  sea  power.  It  is  a  balanced  equation  of 
military  and  economic  security  built  on  a  foundation  of  technological  superiority. 
This  is  how  we  should  view  the  use  of  the  ocean  -  with  its  resources, 
transportation  opportunities,  and  wise  management  of  the  environment  as 
critical  elements  of  the  national  security  equation.  Military  security  will  be 
affected  by  today’s  procurement  constraints  in  the  post  cold  war  era  and 
demand  affordable  ships  and  components.  Economic  security  will  be  affected 
by  our  nation’s  ability  to  maintain  and  increase  our  commercial  competitiveness. 


MRMMUMAim  jao¥wm 


W9  won.  Tho  Soviet  threat  is  gone.  As  a  result  there  Is  no  longer  a  threat 
capable  of  blue  sea  dominance.  Sea  control  belongs  to  the  US. 


Requirements  —  Technology  Response 


Requinmenta 

•  Polltical/Eeonomie  S«eurfty 

•  From  tho  Soa 


AquMtl 


Enabling  Tachneloglaa 

•  Steaith/Countarstaalth 

•  Automation 

•  Energy  Systams/Propufsion 

•  Materlala/Strjcturas 

•  Information  &  Signal  Procasalng 

•  Design/Manufacturing 

•  Shlp/Shipbulidlng  Tachnologlas 


Top  level  Military  requirements  are  defined  by  the  Secretary  of 
Defense.  The  Navy,  following  these  requirements  issued  its  “From 
the  Sea”  doctrine,  which  I’m  sure  you  are  all  familiar  with.  The  result 
is  a  focus  on  littoral  warfare,  an  area  which  although  not  completely 
ignored  in  the  past,  poses  a  set  of  challenges  that  the  technical 
community  is  now  trying  to  come  to  grips  with.  Affordability  and 
acquisition  reform  are  important  considerations  when  developing 
programs  to  meet  these  new  littoral  requirements.  MSTO  analyzes 
this  synthesis  of  requirements  and  focuses  on  enabling  technologies 
that  cut  across  broad  areas  and  then  shapes  them  into  distinct 
programs,  which  addresses  the  challenges  of  this  littoral 
environment. 
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Ship  Systems 
Automation 
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The  Maritime  Systems  Technoiogy  Office  was  formed  by  ARPA 
approximateiy  a  year  ago  to  pursue  a  wide  range  of  technoiogies 
reiated  to  the  broader  issues  inherent  in  maritime  systems.  The  six 
programs  presentiy  underway  are  depicted  in  this  pie  chart. 


Shallow  Water  AS  W 


Objective 

Develop  Technoloales  That  Will  Significantly  Enhance  ASW  CapabllKles  In 
Shallow  Water  /  Adverse  Environments 


SW4J-toaB-llAR 


AMOfxftm 


Sonar  Technology 
Broadband  Soureaa 


Scene  Management 
High  Parformanca  Computing 
•  Raal-TIme  Proeaaaing  of  Sanaor  Data 
Enhanced  Raaouna  Alloeatlon 


This  program  has  as  Its  objective  the  development  of  technologies  that 
will  significantly  enhance  ASW  capabilities  in  shallow  water/adverse 
environments. 


The  program  is  focused  in  three  areas: 


•  Sonar  technologies,  which  includes  broadband  sources,  detection 
and  classification  and  poly  spectra  signal  processing 


•  ASW  scene  management,  which  includes  the  application  of  high 
performance  computing  to  real  time  processing  of  sensor  data  and 
enhanced  resource  allocation 


•  Periscope  detection  will  demonstrate  reliable  detection  capability  in 
adverse  sea  states  with  low  false  alarm  rates. 


Simulation-Based  Design  . . .  Virtual  Prototyping 
Objective 


•  Osmoinstrate  the  Potential  For  Reducing  the  Goat  of  the 
ShIpGealgn  and  Acquialtion  Process  Through  the  Use 
of  Simulation 

-  Pitndamentally  Change  the  Current  Navy  Sfdp 
Gesign  Process 
liilsgrate  the  Enabling  Tools 
~  fhovide  Connectivity  to  the  Designers 


This  program  has  as  its  objective  the  demonstration  of  the 
potentiai  for  reducing  the  cost  of  the  ship  design  and  acquisition 
process  through  the  use  of  simuiation. 


The  program  wiii  focus  on  fundamentaiiy  changing  the  current 
Navy  ship  design  process,  by  integrating  aii  enabiing  toois  and  by 
providing  connectivity  to  the  designers.  Virtuai  prototyping  wiii 
be  used  to  produce  designs  that  are  optimized  at  the  system  level, 
vice  the  traditional  method  of  design  where  optimized  subsystems 
are  integrated  into  a  whole. 


Advanced  Structural  Technologies 
Materials 


Provide  Designers  with  Affordable,  Efficient,  Safe  Composite  Structures 


Aionan 


This  program  has  as  its  objective  the  deveiopment  of  active 
structurai  control  technologies  and  advanced  materials,  to 
provide  far  term  solutions  to  ship  affordability  and  capability. 


The  program  will  focus  in  advanced  materials  on  the 
development  of  affordable  efficient  safe  composite  structures  to 
give  ship  designers  alternative  materials  to  consider  during  the 
design  process. 


The  structural  control  portion  of  the  program  will  focus  on 
developing  means  to  reduce  target  strength  and  radiated  noise, 
plus  apply  this  fundamental  knowledge  to  actively  control 
mechanical  vibration  in  structures  of  arbitrary  size  and 
complexity,  such  as  in  precision  machining  and  turbine 
vibration  control. 


Ship  Systems  Automation 


Objective 

D«monatrata  Automation  Technologies  That  Will  Drastically  Reduce 
Manning  and  Acquisition  Costs 


SSA-U-OMl-SMS  A$0P4yitfl 


This  program  has  as  its  objective  the  development  and 
demonstration  of  technologies  that  will  reduce  manning  and 
acquisition  costs,  while  improving  performance. 


This  program  complements  the  Simulation  Based  Design  program, 
by  developing  automation  technologies  and  distributed  virtual 
environments  to  promote  integrated  product  and  process 
development.  The  systems  being  pursued  include  both  combat 
systems  and  platform  systems. 


CSUSynthetic  Environments 


Objective 

Develop  CINC  Level  Battle  Management  Decision  Aids  and  the 
Synthetic  Ocean  Environment  to  Support  DoD  Expeditionary 
Forces.  Operating  from  the  Sea. 


This  program  has  as  its  objective  the  deveiopment  of  Fieet 
command  ievei  battie  management  decision  aids  and  a  synthetic 
ocean  environment  to  support  expeditionary  forces  operating 
from  the  sea. 


The  program  wiii  deveiop  a  maritime  warfare  anchor  desk  that 
wiii  permit  reai  time  pianning,  anaiysis  of  war  pians  and 
improved  resource  aiiocation.  Additionaiiy,  the  program  wiii 
deveiop  a  high  fideiity  acoustic  ocean  environment  modei,  that 
wiii  contribute  to  improved  readiness  and  training.  This  same 
modei  wiii  iead  to  improved  acquisition,  since  emerging 
systems  performance  can  be  anaiyzed  using  this  synthetic 
environment. 


UUV/MCM  Program 


Objective  | 

D»v«\op  Fully  Autonomous  Maritime  Systems 


UUV  Enabling  Tachnologiaa 

•  ru*l  Csili 

•  Undsfwsttr  Communtcsttons 

•  Precision  Navigaton 


Mna  Countannaaaurat 

-  Mm  SMfch  SyMtn  (MSS) 

■  Aunnoinou*  Mnahuning  a  Uafftnt 

■  Small  Autonomoua  MCM  Rotxtii 


DtployabI*  Sunraillanoa  Syatamt 
•  Autonomoua  SuvaiManoa  Nattaotk 


The  Unmanned  Undersea  Vehicles/Mine  Countermeasures  Program  has  as 
its  objective  the  deveiopment  of  fuiiy  autonomous  systems.  The  program 
is  focused  in  three  areas: 


•  Unmanned  undersea  vehicie  enabiing  technoiogies,  which  inciudes  fuei 
ceiis,  underwater  communications  and  precision  navigation 


•  Depioyabie  surveiiiance  systems,  which  inciudes  an  autonomous 
surveillance  network  and  an  advanced  technology  acoustic  array 


•  Mine  countermeasures,  which  includes  the  mine  search  system, 
autonomous  minehunting  and  mapping  and  shallow  water  mine 
countermeasures. 


l0RMJ.lU»-SASn 
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In  response  to  the  changing  world,  and  to  make  full  use  of  the  TRP 
opportunities,  we  are  formulating  new  programs  to  match  emerging 
requirements.  Some  of  these  programs  are  further  along  in  their 
implementation  than  others.  Some  are  still  being  developed.  This 
vugraph  shows  the  MSTO  organization  we  have  already  discussed, 
with  an  overlay  of  the  new  programs.  I’d  like  to  discuss  some  of  the 
highlights. 


Maritime  Platform  Technologies 


Objective 

Develop  Maritime  Systems  and  Associated  High  Value  Components 
That  Are  Affordable,  Modular,  Scalable  and  Rapidly  Deployable 


Advancad  EnglnM,  Motor*, 
a  Qonordlors 

urtvicanaua 


High  Value  Compononts  j 


Advaneod  Structures  &  Joinery 


Automated  Assembly 
&  Operations 

MOP  woes 


The  MPT  program  is  divided  into  three  main  areas:  famiiies  of  iarge 
modular  systems,  famiiies  of  small  modular  systems,  and  high  value 
components.  The  focus  of  the  Maritime  Platform  Technologies  (MPT) 
program  will  be  on  modular  components  that  can  be  reconfigured  into 
multiple  mission-specific  configurations.  The  concept  is  an  "open 
systems”  approach  to  platform  systems  technologies. 


What  is  the  Alternative  Approach 
Joint  Program  DoD/DoT 


I ARPA  \ 

Taehnohgy  Dtmlopmmnt 
for  Shipbuilding 
ProduelMty  Improvemont 

•  PeeuMad 
Oavaiopmant  Prejaeta 

•  Maritime 
Technology  Camera 

•  Ship  ft  Shipbuilding 
Teehnologiaa 


I MARAD* 

Faellllmto  U.S. 
Shipbuilding  lor 
Inlamatlonal  Sa/aa 

•  Loan  Guarantaae  tor 
Shipyard 
Mo^rnization 

•  Partonnanca  Bond 
Undararrlting 

•  Title  11  tor  Export 

•  Marketing  Analysla 
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Croating  a  Salf-Sustalnad  Industrial  Baaa 


ASOr*OM9 


The  House  Armed  Services  Committee  asked  ARPA  to 
tormuiate  a  program  to  revitaiize  the  US  Shipbuiiding 
industry.  The  Nationai  Shipbuiiding  Initiative  is  our  vision  of 
a  program  to  fund  innovative,  near-term  ship  design  and 
construction  projects  creating  a  world  class  shipbuilding 
industry  in  the  US.  It  is  to  be  a  joint  effort  with  the  Maritime 
Adminstration. 


The  objective  is  to  encourage  and  support  the  development 
of  innovative,  commercial  ship  design  concepts.  The 
concepts  will  integrate  specific  markets  with  new,  more 
efficient  production  processes  to  the  point  that  competitive 
construction  of  the  ships  can  start  within  2  to  3  years.  ARPA 
will  also  begin  to  establish  and  integrate  a  national 
infrastructure  of  regional  maritime  technology  centers  that 
will  assist  Industry  in  achieving  and  maintaining  a  world 
leadership  position  in  commercial  ship  design  and 
construction. 


Special  Operations  Forces  Systems 


•  EMP  G«n«rator 

•  Stealth  Suit 


All  Weather  Insertion  Vehicle  (Glide,  Sufece  Transit, 
Submerge) 

UUV  for  Harbor  Surveillance  or  Device  Attachmo'^* 


BistatIc  Radar  Using 
Commercial  Broadcast  Signal 

Night  Vision  Goggles  Detector 

MEMS  Based  Multi>Function 
Wrist  Watch 


Special  Warfare  Forces  are  currently  tasked  by  our  Nation  to  perform 
and  enormously  wide  range  of  mission,  the  unifying  principles  of 
which  are:  do  whatever  needs  to  be  done,  don’t  get  caught,  and  do  not 
fail. 


Future  projects  include  an  all  weather  delivery  vehicle  which  will 
enable  response  to  crises  near  any  shore  anywhere  on  the  globe  within 
24  hours.  The  vehicle  will  be  air  dropped  from  low  altitudes  to  the  sea 
in  any  weather.  It  would  then  conduct  a  high  speed  surface  transit  and 
a  submerged  low  speed  final  run-in  to  the  shore. 


Other  projects  involve  the  prevention  of  thermal  detection  of 
personnel,  UUVs  for  reconnaissance,  stealthy  weapons,  passive  target 
detection,  and  virtual  reality  planning  and  training. 


Anti-Ship  Missile  Defense 


SINGLE  SHIP  DEFENSE 


Comprehensive  Early 
Warning 

•  Long  Rang* 

Survalllanc* 

•  Indapandanl  Syttam* 

•  Natwerk 
Communicallona 

•  Synthalle  Environmani 
for  Scan*  Undarslanding 


Cooperating  Countermeasures 

•  Long  P  iration,  Indapandant 
Sy*»r  ,a 

•  JafflRiara,  Oaeoya 

•  Ship,  Oacoy  Cooporation  Uaing 
Nahoorfc  Communicationa 


Close-in  Hardkill 
Systems 

•  Smart  Bullata  with 
Laaar  Guldane* 

•  Watar  6uns/Barrl*rs 

•  MMIC  Technology 
Inaardon  to  Currant 
Syalam* 
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At  aneam 


Anti-Ship  Missie  Defense  in  Littorai  Warfare  is  a  tough  probiem. 
Destroying  the  incoming  missiies  is  very  difficuit  as  the  physics 
of  the  probiem  is  unfavorabie.  Just  trying  harder  with  the  same 
approaches  won’t  work  -  a  fundamentaiiy  new  concept  is 
needed. 


The  soiution  shouid  be  based  on  a  singie  ship  defense  approach 
reiying  on  comprehensive  eariy  warning,  corrperating 
countermeasures  to  defeat  missile  lock-on,  and  close  -in  hardkill 
systems. 


The  enabling  technologies  will  include  HF  surface  radar,  MMIC, 
long-duration  independent  systems,  network  communications, 
synthetic  environment  for  scene  understanding,  smart  bullets, 
and  water  guns. 


Things  That  Could  Be 


Resources 

Access  to  Food,  Energy  &  Mineral  Resources 


Transportation 

Rapid,  Efficient,  Safe  Movement  of  Commercial  &  Military  Cargos 


Environment 

Economic  &  Military  Utilization  of  Maritime  Environment 
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The  programs  that  I  have  briefly  discussed  were  evolved  from 
the  traditional  DOD  requirements  process  and  passed  through 
the  ARPA  filter,  resulting  in  programs  that  hopefully  would  be  of 
value  to  MSTO's  customer  the  NAVY. 


However,  National  Security  as  you  recall,  balanced  military 
security  and  economic  security  through  elements  of  resources, 
transportation,  and  environment.  Where  do  the  requirements 
for  economic  security  come  from?  This  is  a  much  broader  and 
poorly  defined  area.  In  June  1992  the  National  Science 
Foundation  and  the  National  Oceanic  and  Atmospheric 
Administration  held  a  meeting  to  develop  a  strategic  plan  for  the 
use  and  management  of  our  Nation's  ocean  resources.  I  used 
their  report  "U.S.  Ocean  Resources  2000"  as  an  ecomomic 
requirement  because  its  broad  scope  and  vision.  If  we  use 
"Resources  2000"  as  a  backdrop  and  let  our  minds  dream  of  the 
future,  we  could  envision  spectacular  things.  Unmanned  robots 
mining  the  deep  ocean  floor;  rapid  cargo  movement  across 
oceans  in  safe,  efficient  ships;  perhaps  a  novel  idea  like  a 
federal  express  of  cargo  awaits  us.  Stealthy  ships  capable  of 
high  speeds  and  submergence  for  operations  in  littoral  waters. 
Lob8ter*like  robots  for  mine  hunting. 


Large  Floating  Structures 


Large.  SiaiXe  Siruduras  to  Piavida  a  Platform  lor  Multiple  A(~SaaU.‘ie$ 


Military 


The  platforms  have  tremendous  dual  use  potential.  Militarily,  they 
can  be  use  to  preposition  forces,  act  as  primary  bases  for  littoral 
warfare,  or  support  offshore  missile  or  satellite  iauches. 


Commercially,  the  list  of  uses  is  long.  Futurists  envision  large 
floating  ocean  cities  that  take  advantage  of  all  the  ocean’s 
resources.  Other  ideas  include  commercial  airports,  fish 
processing  plants  and  aquaculture,  as  well  as  industrial 
processing  of  many  kinds.  With  a  focus  at  the  right  technologies 
in  materials,  connectors  and  Joinery,  simulaiton  based  design,  and 
others  these  large  platforms  could  be  built  economically.  That  is 
what  has  stopped  their  development  in  the  past. 


Remote  Access 


Technology 

Micro'Elactro-MechanIcal  Systems 
<—  Sensors 
—  Acutators 
—  Processors 


Systetns 

Small  Robots 

—  Small,  Inexpensive  Sensors 
—  Simple  Control  System 
—  Group  Behavior 


Applications 

•  Mine  Countermeasures 

•  Sea  Roor  Sensors 

•  Mining  Support 

•  Environmental  Monitoring 

•  Surveillance 


Unclassified  Photo  of 
Micro-Wobble  Motor 


The  development  of  micro-electro-mechanical  systems  makes  it 
possible  to  build  small  inexpensive  robotic  devices  that  would 
have  a  number  of  applications  in  a  maritime  environment.  For 
example,  MSTO  is  beginning  a  project  to  demonstrate  the 
feasibility  of  small  robots,  which  would  be  deployed  in  large 
numbers  in  shallow  water  and  would  search  for  underwater 
mines.  Upon  finding  a  mine,  a  robot  would  remain  near  the  mine 
waiting  for  a  signal  to  detonate  the  onboard  explosive.  Such 
devices  could  also  proceed  onto  land  for  surveillance  or  the 
destruction  of  obstacles. 

Commercially,  these  systems  would  aid  in  harvesting  the  ocean 
floor  in  mining  operations,  act  as  sensor  systems,  or  go, 
economically,  where  it  is  difficult  to  place  humans. 


Future  Ships 


Commercial/Military 

•  Highly  Automated 

•  Faster 

•  Efficient 

•  intelligent  Cargo  Handling  &  Transfer 

•  Modular  Construction 
—  Prefabrication  of  All  Ma]or 

Subsystems  &  Components 

•  Advanced  Propulsion 

•  Unique  Hull  Forms  (SWATH,  Semi-Planing,  SES) 

•  Non-Polluting 


Unclassified  Photo  of 
Future  Ship 


Military 
•  stealthy 

—  New  Materials,  Low  Observability 
—  Submersible 


WTrCW-tUl-S/IM! 

The  activities  of  MSTO  quite  naturaiiy  coaiesce  at  a  common  point,  Ships  of  the 
United  States  at  sea  continuing  our  heritage  as  a  Maritime  Nation. 


Be  they  commerciai  or  miiitary,  ship  construction  of  both  categories  are  now 
constrained  by  a  common  and  increasingiy  important  fact,  affordabiiity.  In  both 
cases,  we  must  find  the  way  to  deliver  high  technology  ships  at  affordable  costs  or 
suffer  adverse  consequences. 


On  the  commercial  side  and  under  the  auspices  of  the  National  Shipbuilding 
Initiative,  we  are  committed  to  assisting  in  the  return  of  our  shipbuilding  industry  to  a 
position  of  international  competitiveness  and  construction  preeminence  in  the  world 
market.  We  will  leverage  our  technological  energies  to  effect  the  production  of  top 
quality,  environmentally  sound  ships  of  superior  design  at  competitive  prices  in  our 
US  yards. 


On  the  military  side  of  the  equation,  commercial  shipbuilding  in  the  context  of  the 
National  Shipbuilding  Initiative  should  be  viewed  as  a  complementary  and  supportive 
ally.  Until  such  time  as  the  next  cyclical  requirement  for  major  Navy  ship 
construction  occurs,  a  robust  commercial  shipbuilding  posture  will  maintain  the 
nation’s  shipbuilding  base.  Anticipated  improvements  in  commercial  ship  design 
techniques  an  construction  practices  will  translate  directly  into  the  ability  to  build 
Navy  ships  at  lower  costs  in  the  future.  In  addition,  ARPA  will  continue  its  traditional 
pursuit  of  research  and  developmental  advances  in  such  ares  as  stealth  which  will 
allow  us  to  produce  highly  sophisticated  ships  which  exceed  military  characteristic 
requirements  and  provide  to  the  fleet  a  clear  technological  superiority. 


Family  of  Modular,  Reconfigurable  Crap 


Ocean  Reconfigurable  Craft-Advanced  (ORCA) 
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Families  of  reconfigurable  small  craft  with  multi-mission 
capabilities  could  be  deployed  in  support  of  operations  such  as 
surveillance,  mine  warfare,  strike  warfare,  or  counter  narcotics.  The 
patrol  class  size  vessels  would  be  rapidly  deployable  by  air  or  ship 
and  rapidly  assembled  and  configured  near  or  in-theater  for  specific 
missions. 


Intelligent  Automated  Seaways 


Description 

•  Assist  Ship  Routing  and  Handling 
Through  Communications, 

Navigation,  Automation 

•  FAA  Approach  to  Ship 
Traffic  Control 

Benefits 

•  Safety  of  Life  at  Sea 

•  Improved  Routing  of  Ships  to  Avoid  Collisions  and  Weather 

•  Reduced  Crew  Size 

•  Automated  Ship  Handling  In  Transit  Lanes 


Unclassified  Photo  of 
Ship  Aground 
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In  19xx,  the  Atlantic  Empress  collided  with  the  Aegean  Captain 
off  Tobago,  n  resulted  in  the  loss  of  26  lives,  loss  of  the 
empress,  and  the  most  oil  ever  released  to  the  environment,  over 
279,000  tons.  The  sad  part  is  that  it  took  place  in  broad  daylight 
in  clear  weather. 


With  the  right  technology,  perhaps  an  FAA  approach  to  Ship 
Traffic  Control,  these  catastrophies  could  be  avoided. 


With  the  focus  of  MSTO  in  automation,  a  major  impact  could  be 
made  in  the  safety  of  life  at  sea.  You  could  envision  automated 
ship  handling  in  transit  lanes,  reduced  crew  size,  improved 
routing  of  ships  to  avoid  collision.  They  would  also  avoid 
weather.  In  addition  automated  ships  could  be  use  for  military 
sea  lift  because  of  the  lack  of  commercial  base. 


Rapid  Intermodal  Transport  System 


Description 

•  A  Total  Syatama  Approach  to  Cargo  Movement 

•  Integrated  Rapid  Transfer  of  Cargo  from  Ship  to  Rail  to  Truck 

•  Total  “Visibility”  of  Cargo  from  Origin  to  Destination 

•  Federal  Express  Concept  Applied  to  Cargo  Routing 


Benefits 

•  Improved  Delivery  Times 

•  Efficient  Cargo  Movement  from  Point  of  Origin  to  Destination 

•  Rapid  Response  to  Market  Demands 

•  Significant  Fuel  Savings 

•  Fewer  Miles  Travelled 

•  Reduced  Interstate  Truck  Traffic 

•  Extensive  Military  Benefits 

•  Improve  Rail  ft  Port  Infrastructure 


Mrr04f-llJS-M«R  AiOFSOSm 

Federal  Express  revolutionized  the  way  letters  and  packages  were 
shipped  and  handled.  Imagine  a  total  systems  approach  to  cargo 
movement.  An  integrated  system  that  allowed  a  seamless  transfer 
of  cargo  from  ship  to  rail  and  truck.  Automated  and  efficient  port 
facilities  using  robot  cranes.  Smart  cargo  that  knows  its 
destination  and  could  be  tracked  from  origin  to  destination. 


Rapid  Intermodal  Transport  System 
Example:  Rotterdam  to  Yokohama 


Distance 

Time 

T.P^tBY 

Time 

Tomorrow 

via 

Suez  Canal  and  Singapore 

11,300  ml 

31  Days 

25  Days 

Via 

Panama  Canal 

12,000  mi 

34  Days 

27  Days 

Wa 

U.S.  Rapid  Intermodal  Transport 

9,900  ml 

27  Days 

19  Days 

>aT04;4U4>S/SMS  ASWSITtm 


Today,  a  large  percentage  of  world  shipping,  perhaps  as  high  as  70%, 
bypasses  the  US.  It  goes  throught  the  Panama  Canal  or  Suez  Canal, 
if  our  rail  and  port  infrastructure  was  revolutionized,  we  could 
capture  this  shipping.  It  would  be  shorter  in  both  miles  and  time.  As 
technology  improves  ship  speeds  and  train  speeds  the  impact  could 
be  tremendous.  A  typical  container  ship  costs  over  $50,000  a  day  to 
operate.  A  savings  of  time  means  a  savings  of  money.  An  efficient 
north-south  shipping  corridor  could  alleviate  or  eliminate  interstate 
truck  traffic  on  1-95. 


A  revived  rail  and  port  system  would  improve  all  sea  lift  operations 
from  both  coasts  in  response  to  contingencies  on  all  points  of  the 
compass. 


Deep  Ocean  Isolation 


Low  Energy  Environment 


Unlimiteti  Space 


Inexpensive 


No  Threat  to  Ecosystem 


A  major  discovery  of  deep  ocean  hydrothermal  vents  was  made  in 
1977.  As  described  by  Or.  John  Edmond  who  witnessed  the 
event  with  Dr.  Bob  Ballard  using  the  famous  ALVIN  submarine, 
vents  directly  below  the  Gulf  of  California  under  one  of  the 
world’s  most  popular  salt  water  sportfishing  areas,  produce  more 
carcinogenic  aromatics  than  are  in  Boston  Harbor.  If  this  area 
was  on  land  it  would  be  a  major  superfund  cleanup  site. 
Radioactive  elements  and  toxic  materials  are  naturally  injected 
with  no  discernible  impact  beyond  their  immediate  location,  due 
largely  to  the  tremendous  pressures  of  up  to  7,000  psi.  and 
abyssal  currents  that  are  too  small  to  measure 


The  abyssal  plains  at  depths  of  10  to  16  thousand  feet  are  safely 
away  from  these  ocean  vents.  They  are  devoid  of  marine  life 
because  they  lack  the  food  produced  by  the  vents.  All  this  makes 
it  a  perfect  place  to  store  waste.  The  challenge  will  be  to  marry 
the  technologies  of  large  offshore  diving  programs,  large  floating 
platforms,  remote  underwater  vehicles,  and  underwater  sensors 
to  build  a  deep  ocean  isolation  program. 


The  Challenges 


•  Continuous  Access  to  the  Ocean  Floor 

•  Rapid  Irrtemtodal  Transport  System  and  Automated  Seaways 

•  Safe,  Economical  Disposal  of  Industrial  and  Municiple  Wastes 


•  Future  Ships? 


MfRM;-ll4A4/UMi  ASO¥HBnm 

\  have  attempted  in  this  short  period  to  show  you  that  the  Oceans  are  of 
great  importance  to  the  country,  from  both  an  economic  and  defense 
perspective.  Additionaiiy,  I'd  like  you  to  remember  that  the  ocean  is 
largely  unknown  to  the  people  that  live  close  by  yet  are  effected  by  it  in  so 
many  ways. 

There  are  four  broad  challenges  that  I  see,  that  if  addressed  in  a 
systematic  way  will  permit  harnessing  this  vast  resource.  Prudent 
management  of  the  oceans  is  perhaps  the  greatest  challenge. 

I  have  provided  you  some  of  my  thoughts  on  directions  we  might  take,  but 
what  I  need  is  your  ideas  on  how  to  make  the  oceans  more  accessible 
toenvironmentally  safe  activities,  that  promote  economic  opportunities  for 
the  country. 

I  look  forward  to  the  dialogue. 

Thank  you. 


V-D  Space  Systems 
LtCol  Lee  F.  Demitry 


An  alternative  strategy  has  been  conceived  to  enable  the  affordability  and  capability  improvements  needed  to 
support  future  space  architecture  modernization.  It  calls  for  use  of  smaller,  capable  satellites  to  simultaneously 
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What  I  have  been  describing  are  the  enabling  concepts  for  bringing  about  fundamental  cultural  changes  to  the  DoD 
space  business.  It  is  safe  to  say  that  developing  the  technology  associated  with  these  concepts  won’t  be  nearly  as 
difficult  as  overcoming  the  cultural  barriers  built  up  over  the  years  within  Government  and  industry.  ARPA  firmly 
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MILSATCOM  terminal  affordability,  interoperability  and  mobility.  Payoffs  include  significant  reductions  in  the 
cost  of  developing,  maintaining  and  operating  future  MILSATCOM  terminals. 
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•  Low  Cost,  Common  Ground  Station  for  Joint  DoD/Civil  Ops 

•  Enables  Commercial  Remote  Sensing  Market 

iMPACT 

•  Improved  MILSATCOM  Terminal  Affordability,  Interoperability 

•  MILSATCOM  Terminal  Connectivity  to  Commercial  Global  Grid 
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MILSATCOM  /  LANDSAT  Major  System  Acquisition 


FUTURE  VISION 
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DISTRIBUTION  UNLIMITED  2909-01 
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Critical  Efforts  Must  Begin,  NOW,  to  Accomplish 
Above  with  Reduced  Funding  and,  at  Same  Time, 
Significantly  Lower  Life  Cycle  Costs 


Current  Practice  and  Cost  Drivers  Satellite/Architecture 
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3701  NORTH  FAIRFAX  DRIVE 
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MEMORANDUM  FOR  ASTO  -  DEMITRY 

SUBJECT:  Clearance  of  Paper/Report/Speech  for  Open  Publication 


Reference  is  made  to  the  following  material  submitted  for 
clearance  for  open  publication: 

AFFORDABLE  SPACE  ARCHITECTURE  MODERNIZATION 
(ROLE  OF  TECHNOLOGY  AND  SMALL  SATELLITES) 
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as  follows: 
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DISTRIBUTION  UNLIMITBD 
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publication  by 
should  carry, 


ial  WAS  NOT  CLBARBD  for 


DistriHibrOiT  Statement^. 
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Information  Officer 
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CHALLENGE:  LESS  COSTLY  SPACE  SYSTEMS  AND 


A  key  issue  impacting  future  space  architecture  modernization  is  affordability.  The  high  cost  and  time  to 
develop  space  systems  today  and  increasingly  tight  flscal  constraints  can  delay  or  preclude  adequate 
modernization  and  fielding  of  needed  capability.  It  is  not  unrealistic  to  imagine  that  the  U.S.  may  eventuall 


V-E  Readiness  and  Training 

COL  Robert  P.  Reddy 
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THE  VISION 
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Evolution  of  Advanced  Distributed  Simulation 


c  CD  0)  (D 

-  ^ 

c  -a  o  £  P 


n  «>  u  ^  w  a 
n  I—  O  3  (d 
O  ^  £  O  T5  O 

*0  C  m  C  _ 

m  .s  0)  ^  O  *= 

I  0:^.|  8  « 

S  CB£^2  « 

0)?i  S  8  ® 

c  .£  .  c  £2  "o 
3:  ^  m  (D  o  c 
EU.  <0 
®  ”  0  O)^  © 

c  S  -C  3  W  T3 
©  £  ©  ©  ©  © 
0>«  >  |_  O) 

_  ^  ©  '^  "C 

^  M  ©  <0  QQ 

a.  O  c  :=  o  © 

^  r-  c  >  ^  f- 


o*  ®  c  E  £ 

^  -Q  ‘-g  o  tl  * 

®  ’>  ©  ©  ©  ? 
®  ^  9  >  £:i 
§0.0.= 

IS  QJ?® 

©  oOC*—  ©  c 

dNtf  CO  CB 

c  <0  y  n  o 

»|S!4|lg 

s  g  w  s  5,:> 

-S  §  g  ©  ©Q 

|l|Oi^|| 

®  ~  T1  M  M  ^ 


-1 

!l 

Os 

©  ^ 

I? 

F  o 

"•i 

<s  P 


0-0.0 
CC  s  « 

^  ©  jO 


^  3  C  «  3 

§53  ESS 

8®^ 

Ii2  i  II I 

o  ©  i:  > 


?.E  ©  ®.2“> 

E®  ® 

•  _  7?  ©  c  . 


fe lEi i « I 


iS|S-i  =i 


©  -:  o  "O  75 

•-.seEi 
©  ^  2  ~  p 
.2  ©  •*-  £  § 
o  ©  o)-5  .a 

8“  =  -g 
g.fi  2  g  S 

B  S  &  *  c 

S  -  §*0 

2  ©2  ©.£ 

H  g*.S  E‘2 

fc.  c  E  •*-  E 
©  ©  ©  ©  © 
0c  o)o>E 
©  o  .c  c  ^ 

©•5  2  2-g 

--S  ©  ©  S 

CTQ  c  Q..- 

.£  m  ©  o  E 
3  c  ®a:== 

T3  •=  -3  O  5 
T)  ^  O  tL  ‘C 
®^0.<  6 
2  ®o“  oL 
8  sS-os 
S  •§  o*"©  ^ 

EaSS  C)  CD  4MI 
^  m 

’dQ'RO  c 
^  k.  ®  c  © 

2  '%  »1 1 
1S|S1 

>»2  2=5  « 

g»  e- ©  ^ 

.2  o  c  <»  © 

1^0  if 

rf  t:  i2  © 

■ScaiiE 

«®a| 

®0  ®  §*;& 

I  «£F  Q. 

S.®  g  <0  0 
S.  c  •- 
3  o>o  c 
-  o  © 
&.£  wg^ei 
9-0  8 ©^ 

'“=5  Q—  S  « 


©  w 

|5 

^  B 
©  T3 
©  © 

©  8- 

£  © 


Is 

o  >. 

OD 

©  o 
£  o 
©  c 


.§1 
o| 
O  2 

It 


E  8. 

I’CO  ©  01 


p  u  js.©^  5 

©  ©«B  © 


It 


COL  Reddy  ARPA  Systems  &  Tech  Symposium:  updated  June  21 , 1 993 


V-F  War  Breaker  and  Evolving 

Military  Technology 

Dr.  Judith  A.  Daly 


0075-93 


Very  quickly,  just  to  give  a  perspective  as  to  where  the  WAR  BREAKER  program  is  located 
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SUDE6 

This  slide  is  a  visual  depiction  of  the  Time  Critical  Target  problem  faced  In  Desert  Storm  and 
representative  of  the  canonical  problem  of  the  future.  As  shown,  the  TCT  genetically  consists  of  a 


SLIDE? 

This  slide  depicts  the  challenges  of  the  TCT  problem  as  demonstrated  on  the  last  slide. 
Success  against  the  TCT  requires  a  highly  developed  situational  awareness  over  a  large 
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DEVELOPMENT  OF  ACCURATE  TARGETING  INFORMATION  TO 
UPPORT  PRECISION  STRIKE  AGAINST  TIME  CRITICAL  TARGETS 


SUDE  8 

This  slide  helps  us  explore  why  no  single  technology  is  going  to  answer  the  TCT  problem. 
First  the  chart  on  your  left  shows  the  relative  military  value  on  the  vertical  axis  and  the  response 


NO  SILVER  BULLET 


SUDE9 

In  the  spring  of  1991,  DARPA  began  a  series  of  studies  to  look  at  potential  solutions  to  the 
TCT  problem  as  illustrated  by  the  Great  SCUD  Hunt  of  Desert  Storm.  We  found  that  a  basic 
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WAR  BREAKER  OBJECTIVES 


SUDE  12 

This  slide  is  a  visual  depiction  of  the  WAR  BREAKER  program  illustrating  the  approach  of  the 
program  and  high-lighting  the  role  of  the  systems  engineering  process  to  support  the  ’systems  of 
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-  Integration  Processes 

-  Impose  Systems  Engineering  Discipiine  on  Overall  WAR  BREAKER 
Technology/Systems  Developments 

-  Technology/Systems  Requirements  and  Validation 
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Performance  Hequiremenis 

SAT  Output:  1)  target  DETECTION  CLASSIFICATION 

2)  TARGET  GEO-LOCATION 

3)  TERRAIN  AND  FEATURE  DATA 

4)  BDA 


SUDE  IS 

The  solution  doesn't  end  with  TCT  detection,  we  must  provide  the  required  linkage  and 
processes  to  operate  within  the  target  cycle  time.  The  Intelligence  and  Planning  Thrust  provides 
that  part  of  the  solution  by  having  a  program  to  Incrementally  automate  the  targeting/planning 
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2)  DISTRIBUTED  SITUATIONAL  AWARENESS 

3)  REAL-TIME  BATTLE  MANAGEMENT 

4)  SENSOR-DERIVED  "MAPS" 
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SIMULA  TION  ENGINEERING  AND  MODELING  (SEM} 


SURVEILLANCE  AND  TARGETING 

•  AUTOMATIC  TARGET  DETECTION/RECOGNITION  ALGORITHMS 

•  LOW  COST.  AFFORDABLE  RADAR  TECHNOLOGY 
■  FOLIAGE  PENETRATION  RADAR  TECHNOLOGY 
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NEWPORT  SCRIPT 

Slide  1 .  Title:  Evolving  Military  Technology 

Hello,  I'm  Judith  Daly  from  ASTO  and  I  am  going  to  talk  about  evolving 
military  technology  particularly  as  it  relates  to  the  payoff  associated 
with  situation  awareness  and  battle  management.  A  common  theme  in  the 
evolving  doctrine  of  all  the  Armed  Services  is  the  ability  to  rapidly  and 
effectively  neutralize  enemy  forces  throughout  the  depth  of  a 
commander's  area  of  responsibility.  This  requirement  applies  at  every 
echelon  and  across  the  spectrum  of  conflict  from  high  intensity  warfare 
to  military  operations  other  than  war  (e.g.,  peace  keeping,  as  we  have  seen 
so  recently  in  Somalia).  Furthermore,  as  force  structure  and  weapons 
procurement  continue  to  shrink  over  the  remainder  of  the  decade, 
commanders'  dependence  on  a  "maneuver  by  fire"  capability  will  increase 
given  the  emphasis  on  rapid  victory  with  smaller  resources  achieved  with 
minimal  casualties. 
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Slide  2.  Title:  Technology  Development  in  a  Mission-Driven  System 
Context 

Emerging  technologies  in  remote  sensing  and  information  processing  will 
provide  the  linchpin  for  locating  and  suppressing  threats  before 
unacceptable  damage  is  inflicted  on  friendly  forces.  One  of  ASTO's  major 
goals  is  to  manage  what  is  being  referred  to  as  the  "military  technical 
revolution"  by  maturing  and  integrating  within  a  systems  context 
technology  developed  elsewhere  in  ARPA,  DOD,  and  the  intelligence 
Community  so  as  to  facilitate  insertion  into  the  evolving  deep  strike 
architectures  of  the  Armed  Services.  Technology  development  in  a  system 
context  is  a  radical  departure  from  the  way  ARPA  in  particular  and  DOD  in 
general  have  conducted  R&D,  and  it  is  the  key  to  realizing  the 
Administration's  vision  of  cost  savings  coupled  with  continued 
technological  superiority.  By  treating  system  engineering  as  a  technology, 
ASTO  is  merging  science  and  engineering  in  an  effort  to  move  toward  a 
new  R&D  paradigm  that  effectively  combines  the  positive  aspects  of 
science  and  engineering  so  that  revolutionary  technology  reaches  the  field 
much  faster  than  the  traditional  RDT&E  cycle. 

Situation  awareness  comprises  a  current  and  accurate  view  of  the  battle 
space  for  both  friendly  and  enemy  forces  at  the  resolution  necessary  to 
support  operations  at  any  given  echelon.  This  translates  functionally  into 
the  capability  to  collect  data  across  the  entire  electro-magnetic 
spectrum  and  process  it  efficiently  to  reduce  false  alarms  and  produce  a 
manageable  flow  of  detections.  Numerous  sensor  product  streams  must 
then  be  correlated  and  fused  so  that  an  all-source  picture  of  the  battle 
space  emerges  to  support  analytical  treatment  of  this  data.  Analysis  can 
then  be  performed,  turning  the  sensed  data  into  information. 

Battle  management  consists  of  taking  the  actionable  intelligence  which 
results  from  superb  situation  awareness,  merging  it  with  current  status 
of  friendly  forces,  and  servicing  the  enemy  target  population.  Situation 
awareness  provides  the  critical  inputs  to  the  planning  process  which 
apportions  forces,  providing  the  building  blocks  for  operational  control 
and  attack  execution  sequences.  The  results  of  the  attack  execution 
provide  critical  inputs  into  situation  awareness  via  the  BDA  cycle. 

Clearly,  the  complexity  and  time  constraints  associated  with  providing 
situation  awareness  and  battle  management  capabilities  at  multiple 
echelons  and  throughout  the  theater  of  operations  require  an  integrated 
mix  of  technologies.  Furthermore,  without  a  rigorous  definition  of  the 
mission  focus  for  situation  awareness  and  battle  management,  functional 
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boundaries  cannot  be  specified  to  the  detail  required  to  develop  militarily 
usable  technology. 
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Slide  3.  Title:  Situation  Awareness  Supports  War  Fighting  at  ail  Levels 

Military  commanders  have  always  possessed  some  type  of  situation 
awareness  and  the  variables  which  have  determined  its  contribution  to 
success  in  battle  are  equally  immutable:  currency  and  quality.  The 
timeliness  and  accuracy  of  situation  awareness  have  always  been  greatly 
influenced  by  the  state-of-the-art  in  information  technology  (e.g.,  paper 
made  maps  possible;  the  printing  press  made  cartographic  products 
uniform  and  wide  spread;  the  micro  processor  made  digital  terrain 
feasible).  Current  situation  awareness  capabilities  suffer  from  an 
awkward  mixture  of  highly  automated  aspects  in  some  areas  and  intensely 
manual  processes  in  others.  ASTO  has  targeted  those  manual/man  power 
intensive  areas  for  automation  as  an  overarching  approach  to  situation 
awareness. 

Situation  awareness  consists  of  three  basic  components: 

1 .  the  physical  environment 

2.  status  and  disposition  of  enemy  forces 

3.  status  and  disposition  of  friendly  forces 

Sensing  and  processing  provide  the  basic  data  for  physical  environment 
and  enemy  status  and  disposition.  While  sensors  are  the  most  highly 
automated  component  of  situation  awareness,  their  product  is  frequently 
tailored  for  human  exploitation  and  they  are  not  optimized  to  defeat 
enemy  camouflage,  concealment,  and  deception  techniques.  Processing  of 
sensor  product  is  currently  a  major  bottleneck  in  terms  of  infrastructure 
(e.g.,  digital  terrain),  and  current  intelligence  (e.g.,  targeting). 

Correlation  and  analysis  utilize  the  product  of  sensing  and  processing  to 
produce  the  status  and  disposition  of  enemy  forces.  The  status  and 
disposition  of  friendly  forces  does  not  have  to  be  sensed  and  process  per 
se,  but  the  message  streams  containing  the  data  must  be  correlated  and 
fused  with  the  physical  environment  and  the  enemy  status  and  disposition 
in  order  to  have  genuine  situation  awareness.  On  both  the  friendly  and 
enemy  side  correlation  and  analysis  remain  very  manpower  intensive. 
Correlation,  outside  of  specialized  technical  disciplines  such  as  ELINT, 
consists  essentially  of  data  visualization  tools.  Genuine  automated 
analysis  has  yet  to  escape  laboratory  settings  due  to  difficulties 
associated  with  scaling  up  from  proof-of-concept  to  operational  settings. 
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Slide  4.  Title:  Layered  approach  to  sensing  and  processing 

Multi>echelon  situation  awareness  requires  layered  sensing  and 
processing  approach  wherein  sensors  positioned  from  geosynchronous 
orbit  to  the  surface  of  the  Earth  contribute  their  products  as  appropriate. 
This  approach  holds  the  key  to  disparate  situation  awareness  problems 
ranging  from  wide  area  target  nomination  to  the  monitoring  of  the 
proliferation  of  weapons  of  mass  destruction.  For  each  layer  ASTO  is 
focusing  on  different  technical  payoffs.  ATR  technology  is  being 
developed  to  eliminate  the  processing  bottlenecks  caused  by  the  deluge  of 
product  created  by  National  Technical  Means.  New  sensors  are  being 
developed  for  the  theater  commander  which  will  increase  the  timeliness 
and  coverage  of  the  battle  space,  and  provide  leverage  against  hidden 
and/or  camouflaged  targets  (e.g.,  FOPEN).  ATR,  advanced  avionics,  and 
mission  management  software  are  being  combined  to  produce  a  family  of 
autonomous,  target-seeking  weapons  platforms.  Finally,  unattended 
ground  sensor  technology  is  being  developed  to  augment  both  manned  and 
unmanned  missions  against  a  wide  array  of  targets  across  the  entire 
spectrum  of  conflict. 
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Slide  5. 


Title:  Targets  In  Clutter 


ASTO  is  striving  to  automate  sensor  product  processing  to  the  greatest 
extent  feasible.  The  next  to  slides  illustrate  the  concept  of  operations 
guiding  the  development  and  integration  of  sensing  and  processing  for 
situation  awareness.  New  sensor  types  such  as  ultra  wide  band  radar  can 
be  employed  to  pull  targets  out  of  clutter  using  the  capabilities  of  the 
sensor  and  advanced  processing  techniques.  Here  we  see  a  truck  in  a  dense 
foliage  environment.  Using  the  layered  approach  described  on  the  previous 
slide,  multiple  sensors  will  produce  streams  of  target  detections  over 
various  anwunts  of  real  estate  at  varying  resolutions.  This  "ATRINT”  will 
be  a  key  building  block  in  ASTO's  situation  awareness  system  construct. 
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Slide  6.  Title:  lES  Processing 

ATR  technology  is  not  only  applicable  at  the  vehicle  level,  but  is  also 
being  applied  at  the  unit  and  force  level.  This  slide  depicts  a  processing 
sequence  by  the  Imagery  Exploitation  System  (lES).  lES  is  essentially  a 
unit  level  ATR  which  operates  above  the  image  plane  to  refine  the  target 
detection  stream  coming  form  the  various  sensors.  By  merging  sensor 
product  with  terrain  and  doctrinal  knowledge  lES  can  infer  the  existence 
and  type  of  units.  ASTO  is  also  developing  ATR  technology  for  MTI  radar 
which  would  use  the  MTI  track  file  history  in  conjunction  with  terrain  and 
motion  domain  to  locate  and  identify  vehicles  and  units  on  the  move. 


Slide  7.  Correlation  and  Fusion 

The  challenge  of  correlation  and  fusion  is  one  of  amalgamating  and 
reconciling  numerous  and  varied  sensor  product  streams  in  near-real  time. 
In-puts  will  range  from  manual  exploitation  reports  to  machine  generated 
detections  to  transmissions  from  unattended  ground  sensors  or  human 
observers.  The  first  major  technical  hurdle  which  ASTO  has  targeted  in 
this  area  is  the  extraction  of  essential  information  from  various  media 
and  formats  and  the  instantiation  of  all  sensor  product  processing  into  a 
single  uniform  representation  for  machine  processing.  Following  this  step 
the  technology  must  remove  duplicative  data,  and  normalize  all  sensor 
bias  and  error  to  ensure  accurate  correlation  of  single  intelligence 
disciplines  followed  by  fusion  of  multi-source  data  so  that  all  inputs  to 
analytical  processes  have  a  single  coordinate  system,  uniform  random 
error  representation,  and  reflect  the  strengths  and  weaknesses  associated 
with  the  sensor  product  which  was  merged  to  create  the  fused  and 
correlated  detection. 
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Slide  8.  Automated  Analysis 

Up  to  now  we  have  been  dealing  with  data  (albeit,  data  enhanced  by 
specialized  processing  and  rigorous  comparison  with  temporally  and 
spatially  coincident  data  from  other  sources).  Analysis  turns  data  into 
the  information  which  underpins  situation  awareness.  ASTO  is  developing 
automated  analytical  routines  within  the  mission/system  context  of  two 
critical  problem  areas  in  the  evolving  international  security  environment: 
destruction  of  time  critical  targets  (WAR  BREAKER)  and  monitoring, 
tracking,  and  interdicting  weapons  of  mass  destruction  and  their  means  of 
delivery  (CPI).  This  slide  is  an  example  from  the  WAR  BREAKER  program 
depicting  the  effort  to  automate  labor-intensive  and  time  consuming 
aspects  of  the  targeting  process. 

•  Terrain  analysis:  currently  undertaken  with  out-dated  hard  copy 
cartographic  products,  acetate  overlays,  and  felt-tip  pins  can  be 
accomplished  orders  of  magnitude  faster  utilizing  current  digital 
terrain  and  parallel  processors. 

•  Target  location  projection:  currently  an  entirely  manual  process 
operating  hours  and  days  behind  Othe  intelligence  data  can  be 
accelerated  orders  of  magnitude  using  advanced  temporal  tracking 
algorithms  and  parallel  processors  allowing  friendly  forces  to 
operate  inside  enemy  strike  cycles. 

•  Force  structure  analysis:  Current  order  of  battle  is  maintained  by  a 
cell  of  human  analysts  working  with  office  automation  and 
rudimentary  data  visualization  tools.  Rather  than  performing  an 
analytical  function,  these  highly  trained  individuals  are  in  effect 
data  slaves  providing  their  superiors  with  electronic  paper. 
Automated  force  status  assessment,  based  on  parallel 
implementation  of  rule  based  systems  for  inferring  military 
hierarchies  will  free  up  scarce  analytical  resources  creating  a  far 
more  efficient  machine-human  division  of  labor. 

•  Battle  damage  assessment:  Currently  more  of  an  art  than  a  science. 
Advanced  correlation  and  fusion  techniques  can  free  up  human 
analytical  resources  for  the  more  difficult  decisions  based  on  BDA 
information  such  as  determining  combat  effectiveness  of  an  attacked 
unit  or  restrike  decisions,  rather  than  have  them  relegated  as  they 
are  now  to  sifting  and  comparing  reports. 
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Slide  9.  Title:  Battle  Management  Technology 


The  basic  enabling  technology  for  battle  management  which  ASTO  is 
developing  is  distributed  graphic  and  persistent  object  bases.  This  chart 
depicts  the  (notional)  information  aggregation  and  interaction  processes 
within  the  "shared  ontology"  made  possible  by  this  technology.  Each 
echelon  would  have  access  to  its  own  positional  and  situation  awareness 
information,  as  well  as  any  information  passed  from  higher  echelons.  Any 
commander  would  see  all  levels  below  him  and  could  grant  subordinates 
access  to  his  situation  awareness  graphics  and  persistent  object  bases. 
These  graphics  and  object  bases  would  represent  varying  types  of 
information  including  movement  indicators  and  command  information. 
Lower  echelons  would  be  simpler  and  less  capable  due  to  the  tactical 
nature  of  their  missions.  Higher  level  of  command  would  have  increasing 
capabilities,  such  as  those  shown  at  the  bottom  right.  Enemy  units  could 
be  identified  for  additional  intelligence  collection  focus.  Friendly  unit 
movements  could  be  projected  forward  in  time  based  on  terrain 
trafficabililty,  mission  profile,  logistical  considerations  (e.g.,  fuel 
availability).  Logistics  needs  could  be  assessed  and  projected  to  support 
the  establishment  of  resupply  points.  Finally,  staff  planning  could  be 
supported  by  simulating  projected  engagements  to  generate  options  and 
help  establish  likely  outcomes. 

This  capability  depends  upon  the  ability  to  communicate  in  an  agile  and 
effective  manner  between  and  among  all  relevant  echelons  in  a  rapidly 
evolving  battle  space.  Depicted  on  the  right  of  the  chart  are  principal 
existing  Army  communications  systems  at  various  levels  of  command. 
These  systems  have  various  degrees  of  connectivity^  some  connections  are 
automated  and  some  are  manual.  In  addition,  SHEARS  systems,  though 
compatible,  are  formed  into  networks  which  require  gateways  in  order  to 
connect  with  one  another.  This  complex  structure  of  interconnections  can/ 
result  in  significant  delays  in  passing  information  up  and  down  the  chain 
of  command.  The  diagonal  rectangle  on  the  right  of  the  graphic  portrays 
ASTO's  concept  for  an  adjunct  communications  pipeline  that  addresses  the 
need  for  increased  timeliness,  through-put  and  connectivity.  This  system 
will  not  replace  any  existing  systems,  but  will  supplement  their 
capabilities  to  provide  increased  timeliness  and  through-put.  In  addition, 
because  it  is  connected  to  individual  troops  and  vehicles  at  the  lowest 
level,  it  can  pass  position  and  status  data  from  friendly  units  upward,  and 
to  pass  intelligence  and  command  data  downward.  This  can  be  aggregated 
into  unified,  distributed  object  bases  at  each  echelon.  Such  repositories 
of  current  and  accurate  information  tailored  to  the  missions  associated 
with  each  echelon  is  the  linchpin  for  concepts  like  "virtual  weapon" 
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wherein  individual  soldiers  or  unmanned  air,  land,  or  sea  vehicles  can  pull 
the  lanyard  for  indirect  fire  weapons  located  tens  or  hundreds  of 
kilometers  to  the  rear,  in  summary,  superb  situation  awareness  enables 
real-time  battlement,  allowing  the  realization  of  concepts  such  as 
'Virtual  weapon"  which  are  critical  to  evolving  military  doctrine  like  360 
Degree  Deep  Battle. 
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Slide  1 0.  Title:  Mission/System  Context 


Now  I  want  to  shift  gears  and  talk  about  ASTO's  technology  investment 
strategy,  which  will  guide  the  selection  of  individual  technical 
approached  in  the  pursuit  of  the  capabilities  I  just  described.  The 
Mission/system  context  is  critical  in  defining  and  limiting  the  parameters 
of  technical  investigation.  I  will  illustrate  this  in  the  context  of  two 
major  national  security  issues:  1)  the  monitoring,  assessment,  and 
interdiction  of  weapons  of  mass  destruction  known  in  DOD  as  the  Counter- 
Proliferation  Initiative  (CPI)  2)  the  location  and  destruction  of  time 
critical  targets,  which  is  the  underlying  goal  of  the  ARPA  WAR  BREAKER 
Program.  The  context  informing  technology  development  in  both  these 
programs  is  an  interrelated  continuum  involving  U.S.  counter-proliferation 
activity  starting  with  warning  and  ending  in  open  hostilities.  The 
population  of  potential  ARPA  customers  play  across  this  continuum 
depending  upon  the  intersection  of  U.S.  policy  and  the  behavior  of  potential 
adversaries.  Depending  upon  what  portions  of  the  ARPA  customer 
population  are  involved  in  a  given  stage  of  U.S./Adversary  interaction, 
relative  emphasis  can  be  given  to  the  utility  of  different  kinds  of  ARPA 
technology.  This  technology,  in  turn,  will  enable  the  generation  of  a  wide 
range  of  response  options  tailored  to  threat  and  appropriate  to  the 
requirements  of  the  policy  community  at  any  given  stage  in  a  proliferation 
sequence. 
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Slide  1 1 .  Title:  Technology  Payoff  Identification 

Utilizing  the  Mission/System  context,  we  can  then  develop  a  rigorous 
methodology  for  identifying  areas  of  technical  payoff  leading  to 
technology  Investment.  Think  of  this  rectangle  overlaid  on  the 
mission/system  context  as  a  core  sample  through  the  many  layers  of  WMD 
proliferation  continuum.  The  results  are  a  data  point  containing  the 
answers  to  the  questions  of  what  (warning),  who  (intelligence 
community),  how  (sensors),  why  (acquire  components),  with  what 
(diplomacy).  Multiple  core  samples  can  then  be  plotted  in  a  3*D 
representation  that  maps  customer/adversary  activity/technology.  This 
mapping  directly  informs  ASTO’s  technology  selection  approach,  by 
facilitating  a  series  of  selected  system  trades.  The  bottom  right  hand 
corner  of  the  graphic  is  an  example  of  this  process  with  respect  to  amount 
collected  versus  specificity  of  processed  information  required  to  enhance 
current  capability  such  that  improvement  captures  two  specific  end  point 
situations:  1)  wherein  warning  of  WMD  proliferation  activity  is  revealed 
by  sifting  massive  volumes  of  low  information  content  data,  and  2)  where 
direct  evidence  of  WMD  capability  is  gathered  by  targeting  collection 
against  what  would  in  all  probability  be  a  highly  camouflaged  event.  The 
trade*offs  between  negotiating  the  ocean  of  WMD  related  data,  and  pin 
pointing  a  smoking  gun  situation  with  highly  tailored  technology  lead  to 
determination  of  the  system  parameters  that  will  inform  the  ASTO 
technology  investment  strategy. 
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Slide  1 2.  Title:  WAR  BREAKER  System  Context 


This  slide  is  an  example  of  the  next  step  in  the  process  taken  from  the 
WAR  BREAKER  program.  Once  system  trades  are  accomplished,  a  detailed 
system  context  can  be  completed  to  serve  as  the  frame  work  for 
technology  development.  The  WAR  BREAKER  system  context  is  the  result 
of  working  through  an  exhaustive  set  of  trades  wherein  technology  is 
linked  to  the  peace*crisis-war  continuum  and  balances  are  struck  between 
situation  awareness-related  technology  at  the  national  and  theater  levels 
vs.  battle  management-related  technology  at  various  echelons  leading 
ultimately  to  a  kill  chain  which  feeds  back  results  of  both  collection  and 
lethal  targeting  into  the  intelligence  and  planning  processes  at  the 
appropriate  echelon  to  effect  decisions  ranging  from  immediate  restrike 
to  alteration  of  the  campaign  plan. 
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Slide  1 3.  Situation  Awareness  Must  be  Tailored  to  Mission/System 

It  Is  critical,  however,  to  maintain  a  direct  mapping  from  the  system 
context  to  the  mission  parameters  for  any  given  technology  development 
effort.  This  is  a  major  sanity  check  employed  by  ASTO  for  all  evolving 
military  technology  resulting  from  our  investment  strategy.  This  slide  is 
an  example  concerning  situation  awareness  as  it  relates  to  WAR  BREAKER 
and  CPI.  As  you  can  see  with  respect  to  underlying  goals,  customer 
population,  functionality,  temporal  parameters,  level  of  automation, 
domain,  and  analytical  approach,  the  specific  technology  required  to 
achieve  situation  awareness  for  these  two  programs  are  in  fact  very 
different.  Indeed,  the  process  that  defines  the  differences  is  crucial  not 
only  in  eliminating  redundancy  and  focusing  the  correct  technical  solution 
on  the  correct  problem  space,  but  it  is  also  a  process  wherein  different 
technology  can  be  developed  to  yield  mutually  supporting  capabilities  for 
the  merged  customer  community.  In  other  words,  the  technologies 
yielding  situation  awareness  for  the  CPI  Program  will  establish  a 
precursor  level  of  understanding  that  will  support  the  execution  of  WAR 
BREAKER  capabilities  if  they  are  required  to  suppress  WMD  system  which 
reach  adversary  force  structures  despite  our  efforts  to  interdict  them. 
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Slide  14.  Situation  Awareness  and  Battle  Management  Combine 
Synergisticly 


Finally,  for  those  of  you  who  have  patiently  sat  through  the  torrent  of 
words  in  hopeful  anticipation  of  a  quantitative  definition  of  situation 
awareness  and  battle  management  here  it  is: 

You  simply  take  the  sum  of  all  possible  situations,  combine  it  with  the 
area  contained  in  the  battle  space  and  divide  it  by  the  constantly 
decreasing  anrK)unt  of  time  available  and  you  get  the  probability  of  victory. 

Tsun-Zu,  Jomini,  Ciausewitz  eat  your  hearts  out!! 

Seriously,  the  last  point  I  wan  to  make  is  that  we  mean  what  we  say  about 
no  single  silver  bullet.  The  power  of  the  emerging  information  processing 
technology  to  shape  the  battle  field  of  the  future  lies  in  its  integrated 
employment.  Piecemeal  application  of  situation  awareness,  no  matter 
how  superb  will  not  kill  or  neutralize  anything  unless  actionable 
intelligence  can  be  turned  rapidly  into  concrete  missions  with  the  right 
weapons  and  sensors  assigned  to  the  right  set  of  targets.  Nor  will  the 
most  brilliant  weapons  achieve  an  effective  kill  ratio  against  what  will  in 
all  likelihood  be  a  numerically  superior  enemy  deployed  in  a  battle  space 
lacking  the  familiar  demarcations  of  front  and  rear,  unless  those  weapons 
are  employed  using  the  leverage  provided  by  superb  situation  awareness. 

Thank  you  very  much.  Are  there  any  questions? 
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No  Silver  Bullet:  Technology  must  be  Integrated 
Mission  Focus:  System  Boundaries  must  be  Identified 
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Unattended  Ground  Sensors 

•  Extended  range  sensors 

•  Auto  detect  and  report 


Automated  Analysis 


Battle  Management 
Support  Technologies 


Mission/System  Context 


Technology  Payoff  Identifcation 


WARBREAKER  System  Context 


A 


PRINT  THIS  SID 


